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Introduction
Languages may contain tens of thousands or even hundreds of thousands of words, 
depending on the way in which they are counted. These vocabularies are continuously 
evolving, with new words being coined and existing words becoming obsolete. One of the 
ways in which new words are being formed is derivation. For example, a word such as 
overcharge is derived from charge, by adding the prefix over- to the stem charge. Thus, 
derivations consist of more than one meaningful linguistic unit or morpheme, i.e., they are 
morphologically complex. 
 In order to understand a word, the meaning or semantic representation connected to 
this word needs to be accessed in lexical memory. Due to their morphological complexity, 
lexical-semantic access to derivations could potentially be achieved in several ways: directly, 
through the connection between a derivation’s lexical representation as a whole and its 
semantic representation as a whole; or through its constituent morphemes and their 
associated semantic representations. The first access route is called holistic or whole-word 
processing; the second route is called decomposition.
 Which of these routes is used in the processing of derivations may depend on the type 
of derivation. Derivations such as overcharge can be understood by combining the meanings 
of their constituent morphemes over- and charge, i.e., they are semantically transparent. In 
contrast, the meaning of derivations such as understand cannot be deduced from the 
meaning of their parts. Such derivations are semantically opaque. Many studies have found 
evidence that, at least in English, transparent derivations are decomposed, whereas opaque 
derivations are processed holistically (e.g., Marslen-Wilson, Tyler, Waksler, & Older, 1994). 
Whether this is also the case in Dutch is not clear.
 Another feature in which derivations differ is the motor-relatedness of their stem. 
Derivations such as understand contain a stem which refers to an action requiring the use of 
certain muscles, i.e., a motor stem. Other derivations contain non-motor stems, for example 
overcharge. Many studies have found differences in processing between motor and non- 
motor simple words in terms of processing speed and the brain areas involved (e.g., Hauk, 
Johnsrude, & Pulvermüller, 2004; Sidhu, Kwan, Pexman, & Siakaluk, 2014). If it is the case 
that a word such as stand is processed differently from a word such as charge, the question 
arises whether similar processing differences are found between derivations containing 
these stems, such as understand and overcharge. However, the effect of motor- relatedness 
on the processing of complex words such as derivations has hardly been studied.
 The way in which derivations are processed may not only depend on the type of 
derivation involved, but also on how well a language is known: A native speaker may use a 
different processing strategy than a non-native speaker. For example, a non-native speaker 
may try to figure out the meaning of any derivation, including semantically opaque 
derivations, by deducing it from the meaning of the constituent parts. In contrast, a native 
speaker of, for example, English, would use a holistic processing strategy for semantically 
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opaque derivations. Alternatively, the morphological structure of a derivation may be less 
obvious for a non-native speaker than for a native speaker. Thus, a non-native speaker may 
use a holistic processing strategy for any kind of derivation, including transparent derivations. 
In contrast, a native speaker of English would decompose transparent derivations.
 Finally, the processing of derivations may also depend on context. To illustrate this, we 
can use an example from visual processing. Imagine two pictures portraying a car. In one of 
the pictures, this car is surrounded by car parts (such as wheels, doors, etc.), whereas in the 
other picture, the car is surrounded by other types of vehicles (such as a bus, a train, etc.). 
Possibly, the context in the first picture will focus the attention of the viewer on the 
constituent parts of the car being portrayed, whereas the context in the other picture will 
encourage holistic processing of the car. Similarly, the words surrounding a derivation may 
draw attention to the constituent parts of the derivation, leading to decomposition, or to 
the derivation as a whole, leading to holistic processing.
 In this thesis, the processing of Dutch derived verbs is investigated in native (L1) 
speakers of Dutch and in non-native (L2) speakers of Dutch with German as their L1 
(hereafter also referred to as ‘German L2 speakers of Dutch’). Specifically, we will address 
the role of motor-relatedness, experimental context and language group in the processing 
of derivations. In the remainder of this introduction, a general background will be provided 
to the studies reported in this thesis, by elaborating on morphological processing, motor- 
relatedness, and non-native language processing. 
Morphological Processing
Many studies have been devoted to the question whether derivations are decomposed or 
processed holistically. A frequently used technique to investigate this is morphological 
priming (see Box 1 for basic terms and explanations). In many unmasked priming studies, 
morphological priming effects have been found for semantically transparent derivations 
(e.g., overcharge), as opposed to semantically opaque derivations (e.g., understand) 
(Feldman & Soltano, 1999; Feldman, Soltano, Pastizzo, & Francis, 2004; Marslen-Wilson et 
al., 1994; Rastle, Davis, Marslen-Wilson, & Tyler, 2000). This suggests that semantic 
transparency plays an important role in the processing of derivations, with transparent 
derivations being decomposed and opaque derivations being processed holistically.
 To account for this pattern, a number of models of complex word processing have been 
developed. Below, a selection of influential models is reviewed, i.e., the obligatory- 
decompositional model and the parallel dual-route model.
 According to the obligatory-decomposition model (Taft & Nguyen-Hoan, 2010), all 
derived words are initially decomposed at the form level. For example, hunter will be 
decomposed into the (morpho-)orthographic units hunt and -er (see Figure 1.1). The 
activation of these orthographic units leads to the activation of the corresponding 
morphemic units at the lemma level. Lemmas are conceived of as abstract representations 
linking form (i.e., orthographic units) and function (i.e., semantic and syntactic units). The 
11
Introduction
1
lemma level contains both morphemic lemmas and whole-word lemmas. In the case of 
transparent derivations, these whole-word units can only be activated through the 
morphemic units. For example, the (whole-word) lemma for hunter can only be activated 
through the (morphemic) lemmas for hunt and -er. 
Box 1  Priming
In a priming experiment, a target word is preceded by a prime word, which is related or unrelated 
to the target. For example, stand can be preceded by the morphologically related understand 
(morphological priming), the semantically related sit (semantic priming), the form-related stack 
(form priming), by itself (identity priming), or by unrelated primes such as underscore or cook. 
Primes and targets can be presented visually (visual priming), auditorily (auditory priming) or in 
different modalities, i.e., auditory-visual or, less commonly, visual-auditory (cross-modal priming). 
Priming is usually combined with a task such as lexical decision (judging whether the target is a 
real word or not) or naming (reading aloud the target). If response times to targets preceded by a 
related prime differ from response times to targets preceded by an unrelated prime, a priming 
effect is said to occur. 
 A priming effect leads to conclusions about the structure of and/or access to representa-
tions in lexical memory. For example, a facilitatory morphological priming effect (i.e., shorter 
response times after morphologically related primes) suggests that the morphologically complex 
words involved are decomposed. The reasoning is that, if a derivation such as understand is 
decomposed, its stem stand is accessed. Thus, if the target stem stand is presented following the 
morphologically decomposed understand, the target can be processed faster than if it is preceded 
by an unrelated prime. Conversely, if a derivation is processed holistically, a target preceded by a 
morphologically related word will not receive a processing advantage compared to a target 
preceded by an unrelated word. 
 Sometimes, morphological priming conditions are combined with orthographic and/or 
semantic priming conditions to make sure that the morphological priming effects are not due to 
pure form and/or semantic overlap. Often, pure form overlap is found to lead to inhibition or no 
priming effect (e.g., Marslen-Wilson et al., 1994; Rastle et al., 2000; Drews & Zwitserlood, 1995), 
in contrast with the facilitatory effects found with morphological priming. Facilitatory semantic 
priming effects are sometimes observed (e.g., Marslen-Wilson et al., 1994; Rastle et al., 2000), but 
their occurrence seems to be dependent on a number of factors. Such factors may be lag (number 
of words between prime and target; Feldman, 2000; Napps, 1989; Rueckl & Aicher, 2008), stimulus 
onset asynchrony (SOA; distance in milliseconds between onset of prime and onset of target, a 
measure used when the lag is zero) and/or masking condition, i.e., masked (prime preceded and/
or followed by a masking image, combined with an SOA of max. 50 ms, to prevent conscious 
perception of prime) versus unmasked (Rastle et al., 2000; Raveh, 2002). Morphological priming 
effects without semantic priming effects most often occur in long-lag priming and masked 
priming conditions.
12
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 For pseudo-derivations (e.g., corner), the situation is somewhat different (see Figure 1.1). 
The activation of the orthographic units also leads to initial activation of the corresponding 
morphemic lemmas (e.g., corn and –er). However, this morphemic activation is quickly 
suppressed because there are no links between the morphemic lemmas and the whole-word 
lemma. Instead, the whole-word lemma is directly activated from the orthographic units, 
without intermediate activation of the morphemic lemmas. Thus, in this model, whole-word 
lemmas of transparent and opaque derivations are only activated after their associated 
form and/or morphemic constituent units are accessed.
 In contrast, the parallel dual-route model (Schreuder & Baayen, 1995) posits that 
morphemic and whole-word representations are accessed in parallel: The perception of complex 
words leads to activation of both morphemic and whole-word access representations (see 
Figure 1.1   Obligatory-decomposition model  
(adapted from Taft & Nguyen-Hoan, 2010, p. 283 & 291).
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Figure 1.2). These are connected to concept nodes, which in turn are connected to semantic 
and syntactic nodes. Since these connections are reciprocal, feedback is possible between 
the levels. Which route (decompositional or holistic) receives more weight in activating the 
appropriate concept node depends on factors such as whole-word and stem frequency and 
semantic transparency. 
 For example, the presentation of a Dutch transparent word such as trotsheid (‘pride’, 
lit. ‘proudness’) will lead to the activation of the access representations ‘trotsheid’, ‘trots’ 
and ‘-heid’. Their corresponding concept nodes will activate the semantic and syntactic 
nodes they are connected to, such as PROUD, NOUN, ABSTRACTION and CHARACTER 
TRAITS. Since trotsheid is transparent, many of its associated semantic and syntactic nodes 
overlap with those of its constituents. As a result, the concept node associated with the 
Figure 1.2   Dual-route model  
(adapted from Schreuder & Baayen, 1995, p. 141)
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access representation ‘trotsheid’ will receive feedback activation from semantic and 
syntactic nodes that are associated with the access representations and concept nodes of 
both the complex word (‘trotsheid’) and its constituents (‘trots’ and ‘-heid’). Thus, the 
activation of the concept node for trotsheid is influenced both by the decompositional 
route (through the activation of ‘trots’ and ‘-heid’) and the holistic route (through the 
activation of ‘trotsheid’). Which of these routes receives more weight depends on factors 
such as stem and whole-word frequency, which in turn influence the resting levels of 
activation of the constituent and whole-word access representations and concept nodes. 
For example, the holistic route will receive less weight for a transparent derivation with a 
low whole-word frequency, such as trotsheid, than for a transparent derivation with a high 
whole-word frequency, such as wijsheid (‘wisdom’, lit. ‘wiseness’).
 For less transparent derivations such as groente (‘vegetable’, lit. ‘greenth’), the balance 
between decompositional and holistic routes is different. The initial stages of processing are 
similar to those for transparent words: The presentation of groente leads to activation of 
the access representations ‘groente’, ‘groen’, and ‘-te’, which in turns leads to the activation 
of the corresponding concept nodes and semantic and syntactic nodes. However, since 
groente is less transparent, the semantic and syntactic nodes associated with the 
whole-word concept node and the constituent nodes have only minimal overlap. As a result, 
the whole-word concept node for groente receives most feedback from semantic and 
syntactic nodes that are only associated with its whole-word access representation and 
concept node (the VEGETABLE nodes), and only minimal feedback from semantic and 
syntactic nodes that are also associated with its constituent access representations and 
concept nodes (the NOUN node). Thus, the processing of less transparent words is most 
influenced by the holistic route, whereas the decompositional route may be more influential 
in the processing of transparent words.
 In this way, both the obligatory-decomposition model and the parallel dual-route 
model are able to account for the influence of semantic transparency in the processing of 
derivations. However, a number of studies have found a different pattern of effects, with 
morphological priming for both transparent and opaque derivations (German: Lüttmann, 
Zwitserlood, & Bölte, 2011; Smolka, Komlósi, & Rösler, 2009; Smolka, Preller, & Eulitz, 2014; 
see also Smolka, Gondan, & Rösler, 2015, for electrophysiological evidence confirming these 
behavioral results; Semitic languages: Bentin & Feldman, 1990; Boudelaa & Marslen-Wilson, 
2001). The languages used in these studies, i.e., German, and especially Arabic and Hebrew, 
are characterized by a high degree of productive morphology or ‘morphological richness’. 
Therefore, the morphological richness of the language used has also been suggested to play 
a role in the processing of morphologically complex words (Lüttmann et al., 2011; Plaut & 
Gonnerman, 2000; Smolka et al., 2015; Smolka et al., 2009; Smolka et al., 2014). In morpho-
logically rich languages, the high number of transparent complex words may encourage the 
use of decomposition as a default strategy, in contrast with morphologically poor languages, 
such as English. 
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 Another factor that may play a role in the processing of derivations is experimental 
context. In the literature, two variants of the morphological priming paradigm have been 
used, which we call ‘pure morphological priming’ and ‘morpho-semantic priming’. In pure 
morphological priming, a morphologically complex prime (e.g., understand) precedes its 
stem (e.g., stand), or vice versa. In morpho-semantic priming, a morphologically complex 
prime (e.g., understand) precedes a simple target (e.g., sit) which is semantically related to 
the prime’s stem, or vice versa. These two types of morphological priming constitute 
different experimental contexts, possibly directing the attention to different aspects of 
the derivations. In pure morphological priming, derivations are preceded or followed by 
morphologically related words, possibly highlighting the morphological structure of the 
derivations. Conversely, in morpho-semantic priming, semantic relations between stimuli 
play a central role, so that there is less emphasis on the morphological structure of the 
derivations. Thus, the two types of priming could lead to different types of processing, with 
pure morphological priming possibly encouraging the use of decomposition. An indication 
that this may be the case is that morphological priming effects for both transparent and 
opaque derivations have so far only been found with pure morphological priming, not with 
morpho-semantic priming (Lüttmann et al., 2011; Smolka et al., 2015; Smolka et al., 2009; 
Smolka et al., 2014).
 The processing of derivations cannot only be investigated using behavioral priming, as in 
the studies mentioned above, but also using functional magnetic resonance imaging (fMRI, see 
Box 2). In fMRI studies on derivation processing, brain areas displaying increased activation for 
morphologically more complex words compared to morphologically less complex words are 
supposed to be involved in morphological processing (if these words are sufficiently matched on 
other relevant dimensions). For example, Meinzer, Lahiri, Flaisch, Hannemann, and Eulitz (2009) 
found increased activation in regions such as the left inferior frontal gyrus (LIFG) for so-called 
two-step derivations (e.g., Milderung ‘mitigation’, derived from the adjective mild in two steps: 
mild (adjective) – mildern (verb) – Milderung (noun)) compared to one-step derivations 
(e.g., Deutung ‘interpretation’, derived from the verb deuten in only one step). 
 However, sometimes a decrease rather than an increase in activation in a certain brain 
region may be indicative of morphological processing. This is the case when morphological 
priming is used. In fMRI studies, priming may lead to ‘repetition suppression’, i.e., a decrease 
in the BOLD response in a certain brain region to primed compared to unprimed stimuli 
(Henson, 2003). This decrease is supposed to be caused by faster or more efficient 
processing of the primed targets in that brain region, due to the application of the same 
processes to the prime and the target. Thus, if a certain brain region shows a repetition 
suppression effect for derivations primed by their stem compared to unprimed derivations, 
this indicates that, in that brain region, processing of the derivation involves processing of 
the prime, i.e., that derivations are decomposed.
 The brain region most often implicated in the processing of transparent (and sometimes 
opaque) derivations is the left inferior frontal gyrus (LIFG). In fMRI non-priming studies on 
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derivations, increased activation in the LIFG is found for morphologically more complex 
compared to less complex words (Meinzer et al., 2009; Pliatsikas, Wheeldon, Lahiri, & 
Hansen, 2014; Vannest, Newport, Newman, & Bavelier, 2011; Vannest, Polk, & Lewis, 2005; 
but see Bozic, Tyler, Su, Wingfield, & Marslen-Wilson, 2013; Davis, Meunier, & Marslen-
Wilson, 2004). In fMRI priming studies on derivations, repetition suppression effects are 
found in the LIFG for morphologically primed versus unprimed words (Bick, Frost, & 
Goelman, 2009; Bick, Goelman, & Frost, 2010; Bozic, Marslen-Wilson, Stamatakis, Davis, & 
Tyler, 2007), although this is not always the case in masked priming studies (see Devlin, 
Jamison, Matthews, & Gonnerman, 2004; Gold & Rastle, 2007). 
 The involvement of the LIFG in derivation processing converges with the fMRI literature 
on the processing of inflections, i.e., morphologically complex words resulting from 
syntactic operations rather than word formation processes (e.g., walked, the past tense 
form of walk): Many fMRI studies have found evidence for increased activation of the LIFG 
for (regularly) inflected words (e.g., Laine, Rinne, Krause, Teräs, & Sipilä, 1999; Lehtonen et 
al., 2009; Lehtonen, Vorobyev, Hugdahl, Tuokkola, & Laine, 2006; Pliatsikas, Johnstone, & 
Marinis, 2014; Tyler, Stamatakis, Post, Randall, & Marslen-Wilson, 2005). 
Box 2  Functional magnetic resonance imaging (fMRI)
With fMRI, brain activity can be measured indirectly by making use of the magnetic properties of 
hemoglobin, the molecule transporting oxygen in the blood. When neurons become active, oxygen 
is consumed. As a result, there is a local increase of deoxyhemoglobin (hemoglobin dissociated 
from the oxygen it carried) in the blood. To compensate for the decrease in oxygenation, blood 
flow increases. The result is a net reduction of the level of deoxyhemoglobin in the activated brain 
area. 
 The level of deoxyhemoglobin can be measured using an MRI scanner. In such a scanner, a 
strong magnetic field is created. Deoxyhemoglobin disturbs this magnetic field. The strength of 
the magnetic signal is measured with the blood oxygenation level dependent (BOLD) contrast. 
Since neural activation is associated with a decrease in deoxyhemoglobin, a stronger BOLD 
response will be detected in an activated brain area. 
 fMRI is used to measure brain activation following the presentation of different types of 
stimuli. By contrasting the BOLD response to different types of stimuli, inferences can be made 
regarding the network of brain areas that are involved to a greater degree in the processing of one 
type of cognitive processes as compared to another type. 
 The temporal resolution of fMRI is not very high, as the BOLD response only peaks 
approximately four to six seconds after stimulus presentation. In addition, it is an indirect method, 
as it does not directly measure the electrical activity of neurons but the hemodynamic changes 
resulting from this neural activity. However, fMRI does have a fairly high spatial resolution, making 
it possible to locate neural activation on a scale of several millimeters. 
17
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 The involvement of brain areas other than the LIFG has also been reported in the fMRI 
literature on derivations, albeit less consistently. Such areas include the right inferior frontal 
gyrus (Bick et al., 2010; Bozic et al., 2013), the superior temporal cortex (Bozic et al., 2013; 
Meinzer et al., 2009; Vannest et al., 2011), and (occipito)temporal regions (Bick et al., 2010; 
Meinzer et al., 2009).
 In the studies discussed so far, a wide range of languages was investigated, from the 
morphologically poor English, over the relatively morphologically rich German, to the 
extremely morphologically rich Semitic languages. Dutch, which is investigated in this 
thesis, is one of the lesser-studied languages, especially in the fMRI literature. In terms of 
its derivational system, Dutch is very similar to German. For example, both languages have 
an elaborate system of prefix verbs, containing two types: particle verbs and prefixed verbs. 
Particle verbs are verbs with separable prefixes, or particles. In certain contexts, such as 
main clauses, particles may be separated from their verb stem (e.g., opschrijven ‘write down’ 
in Zij schrijft alles op ‘She writes everything down’ vs. Hij zei dat ze alles opschrijft ‘He said 
that she writes everything down’). In contrast, prefixed verbs are verbs with non-separable 
prefixes, i.e., their prefixes are never separated from their verb stem (e.g., verzorgen ‘take 
care of’ in Hij verzorgt haar ‘He takes care of her’, Hij zegt dat hij haar verzorgt ‘He says he 
takes care of her’). If it is true that the finding of morphological priming effects for both 
transparent and opaque derivations in German (Lüttmann et al., 2011; Smolka et al., 2015; 
Smolka et al., 2009; Smolka et al., 2014) is due to the morphological richness of German, 
then we would expect the same pattern for Dutch. If not, other factors may modulate the 
influence of semantic transparency in the processing of derivations.
 In this thesis, the processing of Dutch derivations is studied in fMRI and behavioral 
priming experiments. The role of semantic transparency in the processing of Dutch derivations 
is investigated in the fMRI experiments reported in Chapters 2 and 3. Semantically transparent 
derivations are studied using long-lag repetition priming, allowing repetition suppression 
effects to occur (Chapter 3). The method used for semantically opaque derivations (Chapter 2) 
makes use of the motor properties of their stem, as explained in the next section. In the 
behavioral priming experiments, the modulation of transparency by additional factors is 
examined (Chapter 4). These factors include type of morphological priming (pure 
morphological vs. morpho-semantic priming) and motor-relatedness of the stem (see next 
section). 
Motor-Relatedness and Embodied Cognition
According to ‘classical’ cognitive psychology, which originated in the so-called cognitive 
revolution of the 1950s, language is an amodal system, in which abstract amodal symbols 
are manipulated by rules. Words derive their meaning from their relations to other words, 
and are only arbitrarily related to their referents (Glenberg, Witt, & Metcalfe, 2013; Horchak, 
Giger, Cabral, & Pochwatko, 2014). However, this view raises the question how symbols get 
connected to their referents, i.e., how the link between the symbol system and external 
18
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referents is established. This question is referred to as the symbol grounding problem 
(Harnad, 1990). 
 The answer suggested by embodied cognition theory, a theory which has become 
increasingly popular since the late 1990s, is that symbols are grounded in the external world 
through the sensorimotor systems (Barsalou, 2008; Fischer & Zwaan, 2008). This system 
allows interaction of the body with the external world through the perception and 
manipulation of the objects, actions, events, etc. that the symbol system refers to. At the 
neural level, this means that the same brain areas are engaged during language processing 
as during action and perception. For example, hearing an action verb such as throw will lead 
to the same activation in the motor cortex as performing the action of throwing. In other 
words, the meaning of the word is accessed through simulation in the neural motor system 
of the action referred to by the word. Thus, language is supposed to be connected to the 
external world by engaging the sensorimotor systems, and symbols are not considered to 
be amodal but embodied. 
 Both behavioral and fMRI experiments have provided evidence for the embodied 
cognition view. One behavioral approach involves studying the interaction between action- 
or motor-related linguistic stimuli and motor responses or motor tasks. For example, 
Glenberg and Kaschak (2002) found that reading a sentence describing a movement in a 
certain direction (forward or backward) interacts with the movement (forward or backward) 
required in the subsequent motor response: When the response direction was incongruent 
with the direction implied by the sentence, response times increased. Zwaan and Taylor 
(2006) showed that this action-sentence compatibility effect (ACE) also occurs when 
manual rotation rather than direction is involved. They also extended these results to the 
visual domain: Viewing a circle rotate in one direction, while simultaneously hearing a 
sentence describing a manual rotation in the opposite direction, interfered with participants’ 
responses. Related studies have found similar results when considering the interaction 
between hand apertures or hand shapes afforded by objects (e.g., power grip vs. precision 
grip) and associated words (e.g., apple vs. pea; see Glover, Rosenbaum, Graham, & Dixon, 
2004; Tucker & Ellis, 2004). The results of all these studies suggest that language 
understanding is grounded in action. 
 Another way to investigate the grounding of language is to present sensory- and/or 
motor-related words for unprimed lexical decision. Several studies have found that words 
with a high degree of sensory- and/or motor-related content are responded to faster than 
words with a low degree of such content. For example, Sidhu et al. (2014) found that words 
with a high degree of ‘relative embodiment’ (i.e., the degree to which the meaning of a verb 
involves the human body, as measured through ratings) were responded to faster in a 
lexical decision task than words with a low degree of relative embodiment. Similar results 
were found using other motor- and sensory-related variables (all measured through ratings; 
‘body-object interaction’: Bennett, Burnett, Siakaluk, & Pexman, 2011; Siakaluk, Pexman, 
Aguilera, Owen, & Sears, 2008; Siakaluk, Pexman, Sears, et al., 2008; ‘sensory experience 
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rating’: Bonin, Méot, Ferrand, & Bugaïska, 2014; Juhasz & Yap, 2013; Juhasz, Yap, Dicke, 
Taylor, & Gullick, 2011; ‘maximum perceptual strength’: Connell & Lynott, 2012). In line with 
embodied cognition theory, the facilitation found for words with high motor- and/or 
sensory- related content is supposed to be related to the greater ease with which this 
content can be simulated and/or the increased semantic activation evoked by these words.
 Evidence for the embodied nature of language processing has also been found in fMRI 
studies. In these studies, the processing of motor words and/or motor-related sentences led 
to the activation of brain regions also engaged during action processing, such as primary 
motor and/or premotor cortex (e.g., Hauk et al., 2004; Kemmerer, Castillo, Talavage, 
Patterson, & Wiley, 2008; Raposo, Moss, Stamatakis, & Tyler, 2009; Rüschemeyer, Brass, & 
Friederici, 2007; Schuil, Smits, & Zwaan, 2013), primary and/or secondary somatosensory 
cortex (Hauk et al., 2004; Raposo et al., 2009; Rüschemeyer et al., 2007), and inferior 
parietal cortex (Noppeney, Josephs, Kiebel, Friston, & Price, 2005; Tettamanti et al., 2005; 
Van Dam, Rueschemeyer, & Bekkering, 2010). For example, Hauk et al. (2004) found evidence 
of somatotopic activation, i.e., the activation for arm-, leg- and face-related action verbs in 
motor and premotor cortex overlapped with the activation for arm, leg and face actions, 
respectively. Similar findings for action words and/or action-related sentences were 
reported in a number of other studies (Aziz-Zadeh, Wilson, Rizzolatti, & Iacoboni, 2006; 
Boulenger, Hauk, & Pulvermüller, 2009; Raposo et al., 2009; Tettamanti et al., 2005; but see 
Postle, McMahon, Ashton, Meredith, & de Zubicaray, 2008; Schuil et al., 2013). 
 How such motor-related activations should be interpreted is still controversial. 
Proponents of a strong version of embodied cognition claim that motor-related activations 
are early and automatic processes, independent of context, and essential for action 
understanding (Pulvermüller, 2013). In a weaker version of embodied cognition, motor- 
related brain regions are not automatically activated upon encountering a motor word. 
Rather, the task or sentence context in which the motor word occurs influences whether or 
not motor-related brain regions are activated (Aziz-Zadeh et al., 2006; Raposo et al., 2009; 
Schuil et al., 2013; Van Dam, Van Dijk, Bekkering, & Rueschemeyer, 2012). In the weakest 
version of embodied cognition, motor-related activations are not only claimed to be 
context- dependent rather than automatic, they are also considered epiphenomenal, i.e., 
they follow language comprehension rather than being necessary for it (Tomasino, Weiss, 
& Fink, 2010). 
 Different types of context have been found to influence the processing of motor-related 
language. For example, a modulation by task context has been shown in the processing of 
single words: In an fMRI study, words with both action and color properties (e.g., tennis ball) 
elicited increased activation in the inferior parietal lobule compared to abstract words with 
an action categorization task, but not with a color categorization task (Van Dam et al., 
2012). An influence of sentence context was demonstrated by Tomasino et al. (2010). They 
found that ‘positive’ imperatives containing a motor verb (e.g., Do grasp.) elicited increased 
activation in bilateral primary motor and premotor cortex compared to ‘negative’ imperatives 
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containing a motor verb (e.g., Don’t write.). In other studies, an influence of sentence 
context was shown by comparing literal and figurative sentences or clauses containing 
action words. Often, motor-related activation was found for literal action sentences/clauses 
(e.g., kick the ball; grasping the pen) but not for figurative action sentences/clauses (e.g., 
kick the bucket; grasping the idea - Aziz-Zadeh et al., 2006; Raposo et al., 2009; Schuil et al., 
2013; but see Boulenger, Hauk, & Pulvermüller, 2009). 
 Another type of context that has been studied in this regard is morphological context. 
Rüschemeyer et al. (2007) showed that morphologically simple motor verbs (e.g., greifen ‘to 
grasp’), compared to simple abstract verbs (e.g., denken ‘to think’), elicited increased 
activation in premotor, primary motor and somatosensory cortex. In contrast, no such 
activation was found for semantically opaque derived verbs that contained these motor 
verbs as their stem, but whose meaning as a whole was not motor-related (e.g., begreifen 
‘to comprehend’), when they were compared to derived verbs with an abstract stem (e.g., 
bedenken ‘to consider’ – see Figure 1.3). 
 One way to look at these findings is to consider their relevance in terms of embodied 
cognition. Then, the modulation of motor-related activation by morphological context 
indicates that motor simulation is not automatic but context-dependent. This is similar to 
the interpretation given for the modulation by sentence context. 
Figure 1.3  Areas showing a greater activation for simple motor verbs than simple abstract 
verbs (left), and the significant interaction between morphological complexity and verb 
stem meaning, shown in terms of percent signal change (right). SM area: sensorimotor area; 
S2 area: secondary somatosensory area; SM: simple motor verb; SA: simple abstract verb; 
CM: complex verb with motor stem; CA: complex verb with abstract stem. Reproduced from 
Rüschemeyer et al. (2007), p. 861, published by MIT Press Journals. Reproduced with permission.
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 However, another way to look at these results is to consider their relevance with regard 
to morphological processing. If motor-related activation had been found for opaque 
derivations with a motor stem (but whose meaning as a whole was not motor-related), this 
would have been an indication that their stem was accessed, i.e., that they were morpho-
logically decomposed. Since no such activation was found, it seems likely that their motor 
stem was not accessed, i.e., that they were processed holistically. Thus, the motor properties 
of the stem of opaque derivations can be used to investigate the processing of opaque 
derivations. 
 In this thesis, we use the same method to investigate semantically opaque derived 
verbs in Dutch. In Chapter 2, we do this not only for L1 speakers of Dutch, but also for L2 
speakers of Dutch (see next section for background on L2 processing).
 Motor-relatedness is also examined using behavioral methods. In Chapter 4, we use 
lexical decision to take advantage of the shorter lexical decision times found for motor 
words (see above), and combine this task with the two types of morphological priming 
(pure morphological priming and morpho-semantic priming). More specifically, we compare 
derivations with a motor stem and derivations with a non-motor stem in a series of 
morphological priming experiments, an approach which has not been used before. The 
hypothesis is that, if motor words are accessed faster, derived words with a motor stem may 
be decomposed more easily than derived words with a non-motor stem.
 Thus, in this thesis, the link between morphological processing and motor-relatedness 
is two-fold. On the one hand, motor-relatedness is used as a tool, to find out if opaque 
derivations are decomposed. On the other hand, the influence of motor-relatedness on 
morphological processing is investigated, to find out whether decomposition is more likely 
when transparent and opaque derivations contain a motor stem than when they contain a 
non-motor stem.
L2 Processing
In this thesis, the processing of derivations and motor words is not only studied in L1 
speakers, but also in L2 speakers. The L2 speakers investigated in the following chapters are 
German L2 speakers of Dutch. 
 German and Dutch are highly related, West-Germanic languages. As a result, a large 
number of Dutch words overlap both in meaning and form with German words, i.e., they are 
Dutch-German cognates (see Box 3). Cognates have been studied extensively in the L2 
processing literature. For example, in the Bilingual Interactive Activation + (BIA+) model, 
the so-called cognate facilitation effect is used to argue that lexical access occurs in a 
language non-specific manner, i.e., that word candidates from both languages of a bilingual 
speaker may become activated upon hearing or reading a word (Dijkstra & Van Heuven, 
2002; Van Heuven & Dijkstra, 2010). In this thesis, the processing of morphologically simple 
cognates and non-cognates is compared in the fMRI study on motor versus non-motor 
verbs in L1 and L2 speakers (Chapter 2). In contrast, as the number of non-cognate Dutch 
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derivations is not sufficient for an experimental study, the transparent and opaque 
derivations examined in L1 and L2 speakers are all cognates (Chapters 2 and 3).
 Unlike cognate processing, the processing of derivations has not been studied much in 
L2 speakers, as most studies on morphological processing in L2 focus on inflections. The 
few studies on derivations deal mostly with semantically transparent derivations rather 
than opaque derivations. The Dual Mechanism account, i.e., the only model of morphological 
processing that has been extended to L2 processing, is also limited to inflections and 
transparent derivations (Clahsen, Felser, Neubauer, Sato, & Silva, 2010).
 According to this model, L1 transparent derivations with productive affixes (i.e., affixes 
that can be used to create novel derivations, such as -able or -ness) are stored in lexical 
memory as whole words, but in a morphologically structured format. As a result, both 
whole-word and stem characteristics may influence their processing: Whole-word 
frequency effects are found in unprimed lexical decision, whereas priming experiments will 
show morphological priming effects that are equivalent in size to identity priming effects. 
Thus, the processing of productive transparent derivations may involve combinatorial 
processing and/or retrieval of whole-word forms. In accordance with Ullmann’s Declarative/
Procedural model (Ullman, 2005), these two mechanisms are supposed to depend on 
procedural memory and declarative memory, respectively. 
 In contrast, transparent derivations with unproductive affixes (i.e., affixes that are no 
longer used to create novel derivations, such as -th or -ic) will show reduced morphological 
priming in L1 speakers, i.e., morphological priming effects that are smaller than identity 
priming effects. Thus, in L1, there will be less reliance on combinatorial processing for 
transparent derivations with unproductive affixes. 
 In late L2 speakers, however, reduced morphological priming will not only be found for 
transparent derivations with unproductive affixes but also for those with productive affixes. 
Box 3  Cognates
Cognate words are words that are similar in form and meaning in different languages. For example, 
house is an English-Dutch cognate, as it is similar in both form and meaning to the Dutch huis. 
Cognates can be identical (e.g., pen: English/Dutch) or non-identical (e.g., house/huis). Many 
studies have found that cognates are processed faster and more accurately than matched 
non-cognates (e.g., De Groot, Borgwaldt, Bos, & Van den Eijnden, 2002; Dijkstra, Miwa, 
Brummelhuis, Sappelli, & Baayen, 2010; Lemhöfer et al., 2008). This cognate facilitation effect 
depends on the amount of form overlap; thus, it is larger for identical cognates than for 
non-identical cognates (Dijkstra et al., 2010). The facilitation found for cognates suggests that 
there is parallel lexical access to their representations in both languages. Thus, the activation of 
the representation of a word like house in English will benefit from the co-activation of the 
representation of its cognate huis in Dutch. 
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This is supposedly related to maturational changes in the brain: During childhood and 
adolescence, procedural memory is claimed to be attenuated, whereas declarative memory 
is supposed to be enhanced. As a result, processing of late-learned L2 will show less reliance 
on the procedural system, and hence less sensitivity to the morphological structure of 
complex words. This hypothesis is backed up by several masked priming studies showing 
reduced morphological priming (Silva & Clahsen, 2008) or no morphological priming 
(Clahsen & Neubauer, 2010) for productive transparent derivations in late L2 speakers.
 However, not all studies provide evidence for the claim that there is less reliance on the 
procedural system in late-learned L2. For example, in a masked priming study, Diependaele, 
Duñabeitia, Morris, and Keuleers (2011) found no differences in priming effects for 
transparent and opaque derivations between L1 and L2 speakers of English. Similarly, Kirkici 
and Clahsen (2013) found no differences in masked priming effects for transparent 
derivations in L1 and L2 speakers of Turkish (although they did find such differences 
between the language groups for inflected verbs). 
 Some studies even show evidence for enhanced use of the decomposition route in late 
L2 speakers for inflections or compounds, possibly depending on their native language. For 
example, Portin et al. (2008) found a ‘morphological processing cost’ (i.e., longer reaction 
times for inflected nouns compared to matched simple nouns) in Hungarian L2 speakers of 
Swedish for both low-frequency and medium-frequency words in their unprimed lexical 
decision study, whereas L1 speakers of Swedish only showed such a cost for low-frequency 
words. This suggests that medium-frequency inflections were decomposed by Hungarian 
L2 speakers, but not by L1 speakers. In a similar vein, Lemhöfer, Koester, and Schreuder 
(2011) used unprimed lexical decision with L1 and L2 speakers of Dutch. Their results showed 
that orthotactic parsing cues affected lexical decision times of both long and short 
compounds in L2 speakers, compared to only long compounds in L1 speakers. These studies 
challenge the notion that there is less reliance on the procedural system in L2 than in L1. 
According to Lemhöfer et al. (2011), the enhanced use of decomposition in the processing 
of L2 compounds may be due to the lower subjective frequency of these words: Whole-word 
representations may only be established for words of sufficiently high frequency. 
 The low number of studies on transparent derivations in L2, in addition to differences 
between the tasks used in these studies, makes it difficult to reach conclusions regarding 
the processing of these derivations in L2. This is even more so the case for opaque 
derivations, as they were only investigated in one study on L2 processing (Diependaele et 
al., 2011). In this thesis, fMRI was used to shed more light on the processing of both 
transparent derivations (Chapter 3) and opaque derivations (Chapter 2) in L2 speakers.
 Like the literature on L2 derivations, the literature on language embodiment in L2 
speakers is not very extensive. Still, the few studies on this topic all suggest that the 
somatosensory and motor systems are engaged not only in L1 processing, but also in L2 
processing (Bergen, Lau, Narayan, Stojanovic, & Wheeler, 2010; Buchweitz, Shinkareva, 
Mason, Mitchell, & Just, 2012; Dudschig, de la Vega, & Kaup, 2014; Vukovic & Shtyrov, 
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2014)1. This indicates that semantic representations may be shared in bilingual speakers, as 
proposed by the BIA+ model (Dijkstra & Van Heuven, 2002; Van Heuven & Dijkstra, 2010). 
 In this model, the bilingual lexicon is integrated across languages at the orthographic, 
phonological and semantic level. In addition, lexical representations are accessed in a 
language non-selective manner (see above). Still, lexical access will be delayed in L2 because 
the subjective frequency of orthographic representations is lower in L2 than in L1. 
 A delay in L2 lexical access is, however, not supported by Vukovic and Shtyrov (2014) 
and Dudschig et al. (2014): Both studies present evidence that sensorimotor systems are 
engaged early and/or automatically in both L1 and L2 processing. First, in an EEG study, 
Vukovic and Shtyrov (2014) found that L2 action words elicited equally rapid mu-rhythm 
desynchronization as L1 action words in German L2 speakers of English. Such mu-rhythm 
desynchronization has been suggested to arise from increased activation in sensorimotor 
areas (Vukovic & Shtyrov, 2014). Second, spatially associated L2 words (e.g., star: up, mole: 
down) showed compatibility effects with response direction in a vertical Stroop paradigm, 
i.e., facilitation occurred when word and response direction (up or down) were congruent 
compared to incongruent (Dudschig et al., 2014). 
 In addition, both studies suggest that embodiment effects, although present in both L1 
and L2 processing, may be stronger in L1 processing: Right-lateralized (as opposed to left- 
lateralized) mu-rhythm desynchronization was significantly stronger for L1 action words 
than for L2 action words (Vukovic & Shtyrov, 2014). Likewise, the compatibility effect for 
spatially associated L1 words was stronger than for L2 words, although this interaction with 
language was only marginally significant (Dudschig et al., 2014). 
 The difference between L1 and L2 embodiment effects was explained by referring to 
the different contexts in which L1 and L2 are learned: A native language is learned 
interactively, by engaging with different people, objects and situations, allowing associative 
coupling between language and sensorimotor systems. In contrast, a second language is 
often learned in a classroom setting, through explicit teaching, i.e., in a restricted number 
of situations and with less opportunity to interact with people and objects. Thus, L2 words 
will become less strongly associated with somatosensory and motor activation patterns, 
resulting in less detailed or less ‘rich’ semantic representations. 
 This viewpoint is compatible with the Sense Model (Finkbeiner, Forster, Nicol, & Nakamura, 
2004). According to this model, L2 semantic representations are less rich than L1 semantic 
representations. L1 and L2 words may have (partially) overlapping semantic representations, 
but L2 words will be associated with fewer senses than L1 words. 
 To summarize, the few studies on language embodiment in L2 speakers agree that 
embodiment effects are present in L2 processing. However, it is not clear yet whether these 
effects are stronger in L1 processing than in L2 processing, as so far only one study has 
1 The studies by Dudschig et al. (2014) and Vukovic and Shtyrov (2014) are not mentioned in Chapter 2 as the 
article forming Chapter 2 was published before these two studies appeared.
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found a significant interaction with language group (Vukovic & Shtyrov, 2014). In Chapter 
2 of this thesis, fMRI will be used to find out if embodiment effects are stronger in L1 
speakers than in L2 speakers.
Outline of this Thesis
The fMRI data reported in this thesis were collected in a two-part fMRI session. Each part 
of this session constituted an experiment on its own. The results of the first part are 
reported in Chapter 2; those of the second part are presented in Chapter 3. In Chapter 4, the 
results of three behavioral experiments are reported.
 In Chapter 2, we used fMRI to investigate two questions involving motor-relatedness. 
First, can we find motor-related activations for morphologically simple verbs in Dutch L1 
speakers and German L2 speakers of Dutch? More specifically, do simple (cognate and 
non-cognate) motor verbs, compared to non-motor verbs, induce increased activation in 
somatosensory- and motor-related cortical areas in these two language groups? Second, 
can we find similar effects for semantically opaque derived verbs with a motor stem 
compared to the same type of complex verbs with a non-motor stem in the two groups? 
Such effects would indicate that the stem of these opaque derivations are accessed, i.e., 
that they are decomposed as opposed to being processed holistically. 
 To investigate these questions, participants of the two language groups made lexical 
decisions to cognate and non-cognate simple verbs, as well as to opaque derived verbs 
containing the cognate verbs as their stem. Simple verbs and the stems of the opaque 
derived verbs were either motor-related or not. 
 On the basis of Rüschemeyer et al.’s (2007) results, we expected Dutch L1 speakers to 
show motor-related effects with simple verbs but not with opaque derived verbs. Predictions 
for L2 speakers of Dutch were less obvious due to the scarce and mixed literature on this 
topic. We expected to find motor-related activations for simple verbs in L2 speakers only if 
their semantic representations were rich enough. Results for opaque derived verbs should 
depend on the processing strategy used by L2 speakers: Motor-related activations if the 
opaque words were decomposed, no such activations if they were processed holistically.
 In Chapter 3, we focused on transparent derived verbs. Our main question was whether 
these verbs are decomposed in L1 and L2 speakers of Dutch. For this, we combined fMRI and 
a long-lag priming paradigm. Transparent derivations preceded by their stems (‘primed’ 
condition) were compared with transparent derivations not preceded by their stems 
(‘unprimed’ condition). We expected to find a repetition suppression effect in the LIFG in L1 
speakers for primed transparent derivations compared to unprimed transparent derivations. 
This would indicate that transparent derivations are decomposed. For L2 speakers, two 
outcomes were possible. If the Dual Mechanism account is correct, no repetition suppression 
effect (or a smaller repetition suppression effect) should be found, indicating that 
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transparent derivations are processed holistically in L2 speakers. If, however, L2 speakers do 
not rely less on the procedural system than L1 speakers, a similar repetition suppression 
effect should occur in both L1 and L2 speakers.
 In Chapter 4, a number of additional factors in the processing of derivations were 
studied in a series of behavioral priming experiments. In addition to semantic transparency, 
the potential role of experimental context was examined by comparing two types of 
morphological priming (pure morphological priming: Experiments 1 and 2; morpho-semantic 
priming: Experiment 3) and two directions of morphological priming (stem – derivation: 
Experiment 1; derivation – stem: Experiment 2). The influence of motor-relatedness was 
investigated by comparing derivations with motor stems and derivations with non-motor 
stems (Experiments 1-3). In each condition, half of the derivations were semantically 
transparent, and half were semantically opaque. This allowed us to address the question 
whether motor stems and/or an experimental context directing attention to the 
morphological structure of derivations lead to increased priming effects, and whether such 
modulations show up only for transparent derivations or also for opaque derivations. 
 The experimental chapters of this thesis have all been published (Chapter 2 and 3) or 
submitted (Chapter 4) as separate papers. They are presented as such in this thesis, meaning 
that there is some overlap between the introductions of the various chapters. Tables and 
figures are numbered consecutively within each chapter, whereas footnotes are numbered 
throughout the thesis. The references and appendices of the different chapters are presented 
at the end of the thesis. The appendices contain not only the original appendices of the 
published or submitted papers, but also additional appendices: The experimental materials 
used in each experiment are listed, even when this was not the case in the original paper. 
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Embodied Language in First- and  
Second-Language Speakers: Neural Correlates  
of Processing Motor Verbs
This chapter has been published as:
De Grauwe, S., Willems, R.M., Rueschemeyer, S.A., Lemhöfer, K., Schriefers, H. (2014). 
Embodied language in first- and second-language speakers: Neural correlates of processing 
motor verbs. Neuropsychologia, 56, 334-349. doi: 10.1016/j.neuropsychologia.2014.02.003
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Abstract
The involvement of neural motor and sensory systems in the processing of language has so 
far mainly been studied in native (L1) speakers. In an fMRI experiment, we investigated 
whether non-native (L2) semantic representations are rich enough to allow for activation in 
motor and somatosensory brain areas. German learners of Dutch and a control group of 
Dutch native speakers made lexical decisions about visually presented Dutch motor and 
non-motor verbs. Region-of-interest (ROI) and whole-brain analyses indicated that L2 
speakers, like L1 speakers, showed significantly increased activation for simple motor 
compared to non-motor verbs in motor and somatosensory regions. This effect was not 
restricted to Dutch-German cognate verbs, but was also present for non-cognate verbs. 
These results indicate that L2 semantic representations are rich enough for motor-related 
activations to develop in motor and somatosensory areas. 
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Introduction
During the last decade, the role of sensory and motor neural systems in the construction of 
linguistic meaning has received a great deal of attention. It has been postulated that the 
processing of action- and perception-related language leads to activation of the same brain 
areas as action and perception themselves. In other words, language is grounded in bodily 
action and perception, or ‘embodied’ (Barsalou, 2008; but see Mahon & Caramazza, 2008). 
Most studies on language embodiment have focused on native (L1) speakers. In contrast, 
non-native (L2) speakers have hardly been investigated in this regard (see below). It has 
been claimed that L2 semantic representations are less developed than L1 semantic 
 representations (Finkbeiner et al., 2004 - for details, see below). When we extrapolate this 
to the question of language embodiment in L2 speakers, this implies that activation in 
action- and perception-related brain areas for L2 words may be absent or reduced compared 
to L1 words. 
 To our knowledge, the present study is the first functional magnetic resonance imaging 
(fMRI) study to investigate whether evidence of embodied grounding of language can be 
found with L2 speakers (but see Buchweitz et al., 2012, for some evidence indirectly related 
to embodied cognition in bilinguals). Our results will extend insights into embodiment 
effects to a new domain, i.e., L2 processing, and thus also shed more light on how non-native 
language is processed. For this, we will study both morphologically simple and complex 
verbs. In the remainder of this paper, the term ‘embodiment effects’ will be used as a 
shorthand for the occurrence of activations in action- and/or somatosensory-related brain 
areas in response to words with a motor-related meaning. With the term embodiment 
effects, we do not imply any commitment as to the source of these activations, i.e., whether 
they are a necessary part of semantic representations or a by-product of such representations 
(i.e., epiphenomenal). 
Embodiment Effects with Morphologically Simple Words
Motor and/or premotor activations are reported in a variety of fMRI studies on action or 
motor verbs. Hauk et al. (2004) investigated neural correlates of passively read face-, arm- 
and leg-related motor verbs (e.g., lick, pick and kick) and the corresponding actions executed 
by participants. When comparing motor verbs to baseline, they found somatotopically 
organized activation of motor and premotor cortex, and partial overlap of these with 
activations for face, arm and leg actions. These motor-related activations were interpreted 
as reflecting meaning representations of motor verbs. Somatotopic organization of 
activations in motor regions was also found by Raposo et al. (2009) when participants 
listened to arm- (e.g., grab) and leg-related (e.g., trample) motor verbs. Again, these 
activations partially overlapped with activations for arm and leg actions, respectively (but 
see also their results on idiomatic sentences in that same study; see also Kemmerer et al., 
2008, for (partial) support for somatotopically organized activations). No such somatotopic 
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organization was found by Postle et al. (2008), although they did report pre-SMA activation 
when passively read motor verbs (leg-, arm- and mouth-related motor verbs taken together) 
were compared with non-motor nouns. This activation was interpreted as reflecting the 
retrieval of motor programs, with motor verbs serving as instructional cues. 
 Other regions commonly reported in neuroimaging studies on motor verbs are located 
in the parietal lobe, for example the anterior inferior parietal cortex (aIPC, associated with 
abstract somatosensory knowledge of actions – see Binder, Desai, Graves, & Conant, 2009), 
or the parietal operculum (secondary somatosensory cortex, associated with finger 
stimulation – see Ruben et al., 2001). Noppeney et al. (2005) found activations in the aIPC 
for semantic decisions to motor verbs relative to non-motor words. In a visual lexical 
decision fMRI study, Rüschemeyer et al. (2007) reported not only activations in left 
precentral gyrus and central sulcus as well as bilateral postcentral gyrus in response to 
German simple hand-related motor verbs (e.g., werfen ‘throw’) versus non-motor verbs 
(e.g., denken ‘think’), but also in left parietal operculum (S2). In contrast, a comparison of 
these same motor and non-motor verbs embedded as stems in complex verbs with a 
non-motor meaning (e.g., werfen in entwerfen ‘design’ – denken in bedenken ‘consider’) 
revealed no activations in sensorimotor (i.e., (pre)motor or somatosensory) areas. 
 All these studies focused on the processing of motor verbs by L1 speakers (see Willems 
and Casasanto, 2011, for an overview) . It is unclear, though, whether L2 speakers display 
the same kind of embodiment effects as L1 speakers, as hardly any study has addressed this 
issue. A number of fMRI studies have looked into semantic processing in bilinguals (Chee, 
Hon, Lee, & Soon, 2001; Illes et al., 1999; Isel, Baumgaertner, Thrän, Meisel, & Büchel, 2010; 
Rüschemeyer, Zysset, & Friederici, 2006; Wartenburger et al., 2003). However, none of these 
systematically manipulated motor-relatedness, for example by including a contrast between 
motor and non-motor words or between different types of motor words, thus precluding 
any conclusions as to the embodied nature of L2 semantic representations. 
 The only study in which language embodiment effects in L2 speakers were investigated 
is a behavioral study using a picture-verb matching task (Bergen et al., 2010). For both L1 
and advanced L2 participants, judgment times were longer when the word and the picture 
referred to different actions performed with the same effector (mouth, hand or foot; e.g., 
run-kick) than when they referred to different actions performed with different effectors 
(e.g., run-drink). This suggests that words and pictures led to activation of the same 
sensorimotor circuits, causing interference when the same effector was involved. 
 Although most models of bilingual word processing do not speak to the presence or 
absence of embodiment effects in L2 speakers, their descriptions of L1 versus L2 processing 
allow us to derive hypotheses concerning embodiment effects in L2 speakers. Some models 
argue for shared semantic representations in L1 and L2, whereas other models claim that L2 
semantic representations are less detailed than L1 semantic representations. The first 
position is taken by the Revised Hierarchical Model (RHM, Kroll & Stewart, 1994) and the 
extended Bilingual Interactive Activation + (BIA+) Model (Dijkstra & Van Heuven, 2002). In 
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both models, access to word meanings is delayed in L2 compared to L1, but there is no 
difference in the semantic information accessed in L1 and L2, as semantic representations 
are shared across languages. Therefore, these models should predict no differences between 
L1 and L2 speakers with respect to embodiment effects: The same sensorimotor regions 
would be involved in L1 and L2 speakers, and the difference in speed of access to semantic 
representations would be too slight to be picked up by a method with such a limited 
temporal resolution as fMRI. 
 The second position, i.e., less detailed L2 semantic representations, is taken by the 
Sense Model (Finkbeiner et al., 2004). This model argues for (partially) overlapping 
distributed semantic representations for L1 and L2 words. L2 words are supposed to have 
‘less rich’ semantic representations, i.e., they may be associated with fewer senses than L1 
words. Therefore, according to this model, embodiment effects might be reduced or even 
absent in L2 speakers. 
Embodiment Effects with Morphologically Complex Words: 
Decomposition or Holistic Processing?
Embodiment effects are mostly used to shed light on the question of language embodiment 
per se. However, they can also be used as a tool to investigate whether morphologically 
complex words are decomposed into their constituent parts or processed holistically during 
comprehension. As far as we know, this approach has so far only been used in Rüschemeyer 
et al.’s (2007) study on German as L1. In this study, morphologically complex derivations 
(i.e., words in which a stem is combined with a morpheme that changes the meaning of the 
stem) were included which were abstract and opaque: Their meaning as a whole was not 
related to the (motor-related) meaning of their parts. For example, the meaning of entwerfen 
(‘design’) is not semantically related to the meaning of its motor-related stem werfen 
(‘throw’). Finding embodiment effects for these complex verbs would indicate that the 
meaning of the motor-related stems was accessed, i.e., that the opaque complex verbs were 
decomposed into prefix and (motor-related) stem. However, the results showed a significant 
interaction between complexity and motor-relatedness, with embodiment effects with 
simple motor versus non-motor verbs, but not with complex verbs with motor versus 
non-motor stem. This suggests that opaque complex verbs were processed holistically. 
 The processing of morphologically complex derivations has been studied extensively in 
behavioral experiments in L1 speakers. Often, morphological priming/lexical decision 
experiments are used to compare opaque complex words such as ‘restrain’ with transparent 
complex verbs such as ‘reheat’ (whose meaning as a whole is related to the meaning of their 
constituent parts). In such experiments, first, a prime word is presented (e.g., a complex 
verb), followed by the presentation of a target word (e.g., the stem of the complex verb 
prime). A lexical decision has to be made to the target word. With supraliminal, i.e., 
non-masked priming designs (in which the prime word is shown long enough to be perceived 
consciously), many studies find a dissociation between priming for transparent versus 
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opaque conditions: Transparent conditions show facilitatory priming, while this is not the 
case for opaque conditions. This has been found for visual priming (visually presented 
primes and targets; English: Feldman & Soltano, 1999; Feldman, Soltano, Pastizzo, & Francis, 
2004; Rastle, Davis, Marslen-Wilson, & Tyler, 2000; Serbian: Feldman, Barac-Cikoja, & Kostic´ , 
2002; but see Smolka, Komlósi, & Rösler, 2009 (German)) and cross-modal priming 
(auditorily presented primes and visual targets; English: Marslen-Wilson, Tyler, Waksler, & 
Older, 1994; Feldman et al., 2004; Gonnerman, Seidenberg, & Andersen, 2007; French: 
Longtin, Segui, & Hallé, 2003; Dutch: Zwitserlood, Bolwiender, & Drews, 2005; but see 
Lüttmann, Zwitserlood, & Bolte, 2011 (German))2. These results suggest that transparent 
complex verbs are decomposed during word recognition, whereas opaque complex verbs 
are processed holistically.
 To our knowledge, supraliminal (non-masked) priming/lexical decision studies on 
derivations have not yet been reported with L2 speakers. However, there are a few studies 
on L2 morphological processing in which other methods (such as masked priming) and/or 
other materials (such as inflections, e.g., walk-walked, or compounds, e.g., sleepwalk) were 
used. These studies have produced conflicting results. Some studies focusing on derivations 
have found evidence for more reliance of L2 speakers on holistic processing (Clahsen & 
Neubauer, 2010; Silva & Clahsen, 2008), whereas others have found no difference between 
L1 and L2 speakers (Diependaele et al., 2011; Portin & Laine, 2001). Similarly, some studies 
on inflections have found evidence for more reliance of L2 speakers on holistic processing 
(Neubauer & Clahsen, 2009; Silva & Clahsen, 2008), whereas others have found more L2 
reliance on decomposition (Lehtonen & Laine, 2003; Portin & Laine, 2001). Lemhöfer et al. ’s 
(2011) study on noun compounds also found evidence for more L2 reliance on decomposition. 
Any direct comparison between these studies is complicated by differences between the 
tasks (masked priming vs. unprimed lexical decision) and/or materials (inflections vs. 
derivations vs. compounds), and by different combinations of languages used as L1 and L2, 
since differences in morphological processing in the L2 may be due to differences in (the 
morphological richness of) the L1 of the participants (see Basnight-Brown, Chen, Hua, 
Kostic´, & Feldman, 2007; Portin et al., 2008). Also, the contrast between transparent and 
opaque complex words was not specifically targeted by the studies discussed (except by 
Diependaele et al., 2011, in which masked priming was used). Therefore, it is difficult to 
reach conclusions with regard to the processing of opaque or transparent derived verbs by 
L2 speakers.
The Present Study
In this fMRI study, we focus on German advanced L2 speakers of Dutch. German and Dutch 
are highly related languages with a large number of cognates, i.e., words with similar form 
2 In this overview of L1 morphological processing literature, we focus on studies including similar materials 
and methods as our study, i.e., morphologically complex derivations investigated with non-masked priming. 
Due to the lack of such studies in L2 processing, our L2 overview also includes other materials and/or methods.
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and meaning in the two languages. Cognates have been found to elicit faster reaction times 
than non-cognates in word recognition studies, the so-called cognate facilitation effect 
(e.g., Dijkstra et al., 2010). This effect indicates that, in L2 processing, there might be 
transfer from L1 to L2 through cognates: As semantic representations may be less firmly 
established in L2, they may be more easily accessible with cognates than non-cognates. To 
maximize our chances of finding embodiment effects in L2, we included cognate verbs. 
These were contrasted with non-cognate verbs, allowing us to find out whether potential 
embodiment effects with motor verbs are primarily mediated by L1-L2 transfer due to 
cognate status, or whether they are present for cognate and non-cognate verbs alike.
 We were interested in two issues. Firstly, we wanted to find out whether, like L1 
speakers, L2 speakers show embodiment effects with morphologically simple verbs. For this, 
we investigated whether Dutch simple motor verbs induce more activation in S2 and/or 
(pre)motor areas than Dutch simple non-motor verbs in German L2 speakers of Dutch and 
in Dutch L1 speakers. These simple verbs were either cognates (e.g., nemen (German: 
nehmen) ‘take’) or non-cognates (e.g., gooien (German: werfen) ‘throw’), to investigate the 
role of form overlap between L1-L2 translation pairs.
 Secondly, we wanted to know whether L2 speakers decompose opaque complex verbs 
(in contrast with L1 speakers) or process them holistically (like L1 speakers). To investigate 
this, we compared the processing of Dutch opaque complex verbs with a motor stem with 
Dutch opaque complex verbs with a non-motor stem in German L2 speakers of Dutch and 
in Dutch L1 speakers. If opaque complex verbs with a motor stem (whose meaning as a 
whole is not motor-related) were found to induce more activation in S2 and/or (pre)motor 
areas than opaque complex verbs with a non-motor stem in L2 speakers, this would suggest 
that the meaning of the motor stem was accessed, i.e., that opaque complex verbs are 
decomposed. If no increased activation of S2 and/or (pre)motor areas was found, this 
would suggest that opaque complex verbs are processed holistically.
 To investigate these questions, a 2 (Complexity: Simple vs. Complex) x 2 (Cognate 
Status: Cognate vs. Non-Cognate) x 2 (Motor-Relatedness: Motor vs. Non-Motor) design 
would have been ideal. However, the close relation between Dutch and German made it 
impossible to find enough non-cognate opaque complex verbs, leading to two empty cells 
in the design (see Table 2.1). Therefore, we opted for a combination of two 2 x 2 subdesigns. 
In the first one, the Simple Verb subdesign, only morphologically simple verbs were examined, 
with Cognate Status (Cognate vs. Non-Cognate) and Motor-Relatedness (Motor vs. 
Non-Motor) as factors. In the second one, the Cognate Verb subdesign, only cognate verbs 
were included, with Complexity (Simple vs. Complex) and Motor-Relatedness (Motor vs. 
Non-Motor) as factors. Adding the factor of Language (L1 vs. L2 speakers) enabled us to 
compare the two language groups, turning the subdesigns into 2 x 2 x 2 designs.
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 The Simple Verb subdesign allowed us to investigate whether motor-related activations 
(i.e., higher activations for motor than for non-motor words) can be found with simple 
verbs not only in L1, but also in L2. We hypothesized that, since the L2 speakers were 
advanced speakers of Dutch, such activations would indeed become apparent. However, if 
L2 speakers’ semantic representations are less rich than those of L1 speakers (Finkbeiner et al., 
2004), motor-related activations in L2 speakers might be reduced compared to L1 speakers. 
 With the Cognate Verb subdesign, we first aimed at a replication of the interaction 
between Complexity and Motor-Relatedness reported by Rüschemeyer et al. (2007) for L1 
speakers. For L2 speakers, this subdesign allowed us to investigate whether L2 speakers 
show a similar pattern as L1 speakers. In line with Rüschemeyer et al. (2007), we expected 
L1 speakers to show motor-related activation for simple verbs, but not for opaque complex 
verbs. The absence of motor-related activation for opaque complex verbs would be an 
indication that these verbs are not decomposed. As mentioned above, evidence on L2 
morphological processing is mixed. If L2 speakers decompose opaque complex verbs, we 
should find motor-related activation for both simple and complex verbs. If they process 
opaque complex verbs holistically, we should find the same results as for L1 speakers, i.e., 
motor-related activation for simple motor verbs and no motor-related activation for opaque 
complex verbs containing motor stems.
Method
Participants
Twenty-two Dutch participants (L1 speakers) and 29 German advanced learners of Dutch 
(L2 speakers) initially took part. After participant exclusion (see below for details), 20 L1 and 
18 L2 speakers remained for the final analyses. The remaining L1 speakers (16 females, 4 
Table 2.1  Design: A Combination of Two Subdesigns
Simple Verb Opaque Complex Verb
Cognate Verb Motor Motor
Non-Motor Non-Motor
Non-Cognate Verb Motor -
Non-Motor -
Notes.     : Simple Verb subdesign;     : Cognate Verb subdesign.
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males) were aged 19 to 26 (M = 21.95, SD = 2.31). The remaining L2 speakers (10 females, 8 
males) were aged 22 to 29 (M = 24.44, SD = 2.15). All participants signed a written consent 
form in accordance with the national legislation for human protection and the Helsinki 
Declaration of 1975, revised in 2004.
 L2 speakers, most of them German students at Radboud University Nijmegen, were 
recruited on the basis of the following criteria: They had German as their dominant language, 
had lived and/or studied in the Netherlands for at least 1.5 years, and used Dutch regularly 
for studies, work and/or private life. In order to determine their proficiency level in Dutch, 
they were required to take part in the online version of the Dutch LexTALE test, a vocabulary 
test using non-speeded visual lexical decision (Lemhöfer & Broersma, 2012). Only L2 
speakers with a minimum of 67.50 % correct in this test were invited to participate in the 
fMRI experiment (M = 78.89 %; SD = 8.03 %, range 67.50 %-96.25 %). After participation 
in the fMRI experiment, L2 speakers were asked to fill out a language history questionnaire. 
The mean age of acquisition of Dutch was 19.94 (SD = 2.88). Participants were also asked 
to rate their experience with and their frequency of using Dutch (see Appendix 2A).
 L1 speakers, most of them students at Radboud University Nijmegen, had Dutch as their 
first and dominant language and had lived in the Netherlands from birth. All participants 
(L1 and L2 speakers) were right-handed and reported having no reading disorders.
Materials
Three categories of Dutch verbs were selected for this experiment: morphologically simple 
Dutch-German cognates, morphologically simple Dutch-German non-cognates, and mor-
phologically complex opaque Dutch-German cognates. Cognates could be identical (e.g., 
verdienen (Dutch/German)) or non-identical (e.g., ondernemen (Dutch)/unternehmen 
(German)) translation equivalents whose common etymological origin was clear. Simple 
verbs had either a motor-related meaning or not; complex verbs contained either a 
motor-related stem or not, but had no motor-related meaning themselves (see Table 2.1 for 
the design). The selection of the materials used in the experiment was based on two types 
of online pretests: (a) a rating of the degree of motor-relatedness (scale from 1 ‘not motor-
related’  to 5 ‘highly motor-related’) and an assessment of the body part involved, if any, of 
two pools of morphologically simple Dutch verbs (cognates and non-cognates); and (b) a 
rating of the transparency/opacity (scale from 1 ‘very opaque’ to 5 ‘very transparent’) of a 
pool of morphologically complex transparent/opaque Dutch verb pairs, each pair sharing 
one of the above-mentioned simple cognate verbs as its stem. In the latter rating, 
participants were asked to rate the degree of semantic relatedness of the complex verbs and 
their stems. Transparent verbs were also included to present participants with the full range 
of transparency/opacity. Participants in each of these pretests (motor-relatedness: 20 
participants each for simple cognate verbs and for simple non-cognate verbs; transparency/
opacity: 39 participants) were Dutch L1 speakers of the same population as the fMRI 
experiment who did not participate in the other pretests nor in the fMRI experiment. 
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 On the basis of these pretests, 48 pairs of cognate opaque complex verbs and their 
simple verb stems were selected, in addition to 48 non-cognate simple verbs. The simple 
verbs were either clearly motor-related or not, such that the simple motor verbs were judged 
to refer to movements to a higher degree than the simple non-motor verbs (see Appendix 
2B), as verified in t-tests (cognates: t = 12.08, p < .001; non-cognates: t = 13.34, p < .001). 
In addition, only simple motor verbs were selected that were judged to refer to hand 
movements by a majority of participants (cognates: M = 83.05 %, SD = 17.33 %; 
non-cognates: M = 87.50 %, SD = 14.22 %). The reasoning for this was that, if motor-related 
activations in (pre)motor areas are indeed somatotopically organized (Hauk et al., 2004; 
Raposo et al., 2009), selecting motor verbs associated with only one effector rather than a 
mixture of effectors would increase chances of detecting significant activations in (pre)motor 
brain areas. The complex cognate verbs selected on the basis of the pretests contained the 
simple cognate verbs as stems. In addition, they had been judged to be highly opaque, and 
the complex verbs with motor stems (‘complex motor verbs’) did not differ significantly 
from those with non-motor stems (‘complex non-motor verbs’) in terms of opacity (t = .70, 
p = .49). Within each category (simple cognate, simple non-cognate and complex verbs), 
motor and non-motor verbs were also matched in terms of log-transformed lexical 
frequency (‘log frequency’, as determined by the Celex database, Baayen, Piepenbrock, & 
Gulikers, 1995; all ps > .56) and length in letters (all ps > .12). See Appendix 2B for an 
overview of stimulus characteristics.
 The final set of experimental stimuli consisted of 96 Dutch morphologically simple 
verbs and 48 Dutch morphologically complex verbs (see Appendix 2C for a list of 
experimental stimuli). Half of the simple verbs (48) were Dutch-German cognates, while the 
other half were non-cognates. Within each simple verb category, half had a motor-related 
meaning, while the other half had not. All complex verbs were Dutch-German cognates and 
contained the simple cognate (motor or non-motor) verbs as stems, each preceded by a 
prefix (see Table 2.2 for examples). Finally, 24 pseudo-words were included. These were 
created by changing one or more letters of real Dutch words and obeyed the phonotactic 
rules of Dutch. All pseudo-words ended in the Dutch infinitive suffix ‘en’, as did the real 
words. Eight pseudo-words were morphologically complex, consisting of an existing prefix 
or particle followed by a non-existing stem. Sixteen pseudo-words were morphologically 
simple, consisting of a non-existing verb-like stem, 8 of which were also used as stem in the 
complex pseudo-words. 
Stimulus Presentation
Stimuli were projected on a mirror mounted on top of the head coil and read by participants 
lying on their back in the scanner. Participants held a response box in their right hand and 
responded only to pseudo-words by pressing a button with their right index finger. Each 
trial lasted for 8440 ms. First, a blank screen was presented for a variable jitter time (0-2000 
ms), followed by a fixation cross, which remained in the center of the screen for 400 ms. 
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Then the stimulus word was presented for 2000 ms or until a response was given. Then a 
blank screen was presented until the trial duration of 8440 ms was reached. 
 The 144 experimental words and 24 pseudo-words were interspersed with 24 null 
events, consisting of a blank screen presented for 8440 ms. The stimuli were pseudo- 
randomized such that no condition and no pseudo-words were presented on more than 
three consecutive trials. To exclude order effects, two pseudo-randomizations were 
generated, each of which was also reversed, resulting in four lists. Participants were 
randomly assigned to one of the four lists. All stimuli were presented in one block, which 
lasted approximately 27 minutes. Prior to the fMRI experiment, participants were familiarized 
with the task and test conditions in a practice session containing 8 trials, with words and 
pseudo-words not used in the experiment. 
 Following the fMRI experiment, participants were presented with an off-line rating to 
find out whether they rated the motor versus non-motor verbs similarly to participants in 
the pretests. This rating contained the 144 experimental stimuli of the fMRI-experiment. 
Conditions were pseudo-randomized as described above. Participants were asked to judge 
the motor-relatedness of each of these verbs on a scale from 1 (not motor-related) to 5 
(strongly motor-related). 
 Finally, L2 participants were asked to fill out the language background questionnaire 
summarized in Appendix 2A. 
Behavioral Data Analysis
Errors to words were analyzed for each language group separately, using two repeated- 
measures analyses of variance (ANOVAs) (see Table 2.1). The ANOVA for the Simple Verb 
subdesign, including only simple verbs, had Cognate Status (Cognate vs. Non-Cognate) and 
Motor-Relatedness (Motor vs. Non-Motor) as within-subject factors. The ANOVA for the 
Table 2.2  Examples of Stimuli
Simple verb Complex verb
Cognate verb
Motor nemen (nehmen/take) ondernemen ( unternehmen/undertake)
Non-Motor dienen (dienen/serve) verdienen     (verdienen/earn)
Non-cognate verb
Motor gooien (werfen/throw)
Non-Motor aarzelen (zögern/hesitate)
Pseudo-words ralmen verralmen
Note. German and English translations between parentheses.
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Cognate Verb subdesign, including only cognate verbs, had Complexity (Simple vs. Complex) 
and Motor-Relatedness (Motor vs. Non-Motor) as within-subject factors. Participants were 
excluded from the analysis if their percentage of errors to pseudo-words was higher than 
40 % and/or more than 2 standard deviations above the mean of their language group (L1 
or L2 speakers, respectively). Items were excluded from the analysis if their percentage of 
errors was more than 3 standard deviations above the mean of their language group. Only 
correctly answered trials were used in the fMRI analysis. 
fMRI Data Acquisition
BOLD-sensitive functional images were acquired using a single-shot gradient EPI sequence 
(31 axial slices, TR = 2110 ms, TE = 30 ms, flip angle = 90º, voxel size = 3.5 x 3.5 x 3.5 mm³). 
After acquisition of the EPI images, high-resolution anatomical images were acquired using 
an MPRAGE sequence (192 sagittal slices, TR = 2300 ms, TE = 3.03 ms, FOV = 256, voxel size 
= 1 x 1 x 1 mm³). All images were acquired on a Siemens TRIO 3.0 T MRI System (Siemens, 
Erlangen, Germany), using a birdcage head coil for radio-frequency transmission and signal 
reception. 
fMRI Data Analysis 
Data analysis was conducted with SPM8 (Statistical Parametric Mapping, www.fil.ion.ucl.
ac.uk/spm). The first five volumes were discarded to allow for T1 equilibration effects. Then, 
functional images were corrected for motion artifacts through rigid body registration along 
three translations and three rotations. The realigned images were corrected for differences 
in acquisition time using the middle slice (slice 17) as reference. The resulting images were 
normalized to the standard stereotactic Montreal Neurological Institute (MNI) coordinate 
system. For this, the mean functional image was co-registered with the T1-image using a 
rigid-body model. Then, spatial-normalization parameters were generated, which were used 
to normalize the functional images into standard MNI space using trilinear interpolation, 
while resampling the images at an isotropic voxel size of 2 mm. For one L2 participant, this 
normalization method led to considerable distortion. Therefore, this participant’s images 
were normalized to a standard EPI template centered in MNI space, likewise resampling 
them at an isotropic voxel size of 2 mm. Finally, the normalized images were smoothed with 
an isotropic 8-mm FWHM Gaussian kernel. The resulting preprocessed images were 
analyzed on a subject-by-subject basis using the general linear model, with regressors 
entered for each critical condition (Simple/Cognate/Motor, Simple/Cognate/Non-Motor, 
Simple/Non-Cognate/Motor, Simple/Non-Cognate/Non-Motor, Complex/Motor, Complex/
Non-Motor) as well as null trials and convolved with a canonical hemodynamic response 
function. The realignment parameters calculated during motion correction were included in 
the model as effects of no interest.
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ROI analyses
We conducted ROI analyses for (pre)motor and somatosensory areas to test whether L1 and 
L2 speakers were sensitive to the motor-related meaning of simple verbs and of complex 
verb stems. To create these ROIs, we selected the peaks of activation reported by 
Rüschemeyer et al. (2007) for the interaction between Complexity and Motor-Relatedness 
in the left postcentral gyrus and the left parietal operculum (S2). However, since the 
postcentral gyrus peak reported by Rüschemeyer et al. (2007) is slightly more posterior than 
what is usually reported for motor words (Hauk et al., 2004; Postle et al., 2008; Willems, 
Toni, Hagoort, & Casasanto, 2009), we also created a more anterior ROI. As our study was a 
partial replication of Rüschemeyer et al.’s (2007) study, we also based this ROI on peaks of 
activation reported by the former study, but this time for the Simple Motor versus 
Non-Motor contrast. Two (pre)motor peaks of activation were reported for this contrast, 
i.e., [-44 -15 59] (central sulcus) and [-47 -9 57] (precentral gyrus), of which we calculated 
the average. The resulting coordinates for the three ROIs were then converted from Talairach 
to MNI stereotactic space. In this way, the [-38 -21 56] postcentral gyrus, the [-47 -15 14] 
S2 and the [-46 -12 58] (pre)motor coordinates were converted to [-38 -25 60], [-47 -16 14] 
and [-46 -17 64], respectively. Using MarsBar (Brett, Anton, Valabregue, & Poline, 2002), 
ROIs were created as a sphere with a 10 mm radius with each of the selected coordinates as 
a center. Since the ROI with the postcentral peak extended from the post- to the precentral 
gyrus, including both somatosensory and motor areas, this ROI was dubbed the sensorimotor 
(SM) ROI. The ROI with the S2 peak was named the S2 ROI and the ROI with the peak in the 
motor/premotor area was called the Pre/M ROI (see Figure 2.1).
Figure 2.1  Overlap between full-factorial [Simple (Motor – Non-Motor)] contrast (Simple Verb 
subdesign) over both groups (red) and S2 ROI (yellow), SM ROI (green), Pre/M ROI (blue).
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 For all these ROIs, contrast values were obtained for each condition (compared to the 
null condition) for each participant. Next, repeated-measures analyses of variance (ANOVAs) 
were performed on these contrast values. For each subdesign, an omnibus repeated- 
measures ANOVA including both language groups was performed. For the Simple Verb 
subdesign, the ANOVA had the factors of Cognate Status (Cognate vs. Non-Cognate), 
 Motor-Relatedness (Motor vs. Non-Motor) and Language (L1 vs. L2). For the Cognate Verb 
subdesign, the ANOVA had the factors of Complexity (Simple vs. Complex), Motor-Relatedness 
(Motor vs. Non-Motor) and Language (L1 vs. L2). In all ANOVAs, a significance level of α = .05 
was used. Only main effects and interactions involving Motor-Relatedness are discussed. 
Follow-up analyses were performed only to significant or marginally significant interactions 
involving Motor-Relatedness.
Whole-brain analyses
To further investigate effects at the whole-brain level, six contrast images were generated 
for each participant: the baseline-corrected effects of simple cognate motor and non-motor 
verbs, of simple non-cognate motor and non-motor verbs and of complex motor and 
non-motor verbs (i.e., each experimental condition compared to the null condition). Again, 
analyses were done for the two subdesigns separately. For the Simple Verb subdesign, the 
four contrast images for simple verbs of all participants were entered into a full-factorial 
(2 x 2 x 2) second-level random effects analysis over both language groups. The three 
factors specified were Cognate Status, Motor-Relatedness and Language. To further investigate 
the nature of representations of simple motor versus non-motor verbs, directional t-tests 
were performed for the main effect of Motor-Relatedness (i.e., [Simple (Motor – Non-Motor)] 
and the reverse contrast). In addition, the interactions involving Language and Motor- 
Relatedness were tested to investigate possible differences between L1 and L2 speakers. For 
this, we again used directional t-contrasts, with equal weights attributed to each condition 
(e.g., [1 1 -1 -1 -1 -1 1 1] for the [L1 (Motor – Non-Motor) – L2 (Motor – Non-Motor)] 
interaction contrast). To study the two language groups in more detail, full-factorial (2 x 2) 
analyses were performed for each language group separately. Each of these second-level 
random effects analyses contained Cognate Status and Motor-Relatedness as factors, and 
t-tests were performed for the main effect of Motor-Relatedness and the interaction 
between Cognate Status and Motor-Relatedness.
 For the Cognate Verb subdesign, the four contrast images of all participants for cognate 
verbs were entered into another full-factorial (2 x 2 x 2) second-level random effects 
analysis over both language groups. The three factors specified in this design were 
Complexity, Motor-Relatedness and Language. The nature of representations of simple 
versus complex motor and non-motor verbs was further investigated with directional 
t-tests performed for the interaction between Complexity and Motor-Relatedness (i.e., 
[(Simple Cognate (Motor –Non-Motor)) – (Complex (Motor –Non-Motor))] and the reverse 
contrast, using the [1 -1 -1 1 1 -1 -1 1] and [-1 1 1 -1 -1 1 1 -1] contrast vectors, respectively). 
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Significant activations found for this contrast led to follow-up analyses on the Motor- 
Relatedness effect of simple cognate verbs (i.e., [Simple (Cognate Motor – Non-Motor)] and 
the reverse contrast) and of complex verbs (i.e., [Complex (Motor – Non-Motor)] and the 
reverse contrast). In addition, the triple interaction between Complexity, Motor-Relatedness 
and Language was tested with directional t-contrasts to study possible differences between 
language groups. Again, the two language groups were then investigated in separate 
full-factorial (2 x 2) analyses, containing Complexity and Motor-Relatedness as factors. 
T-contrasts were tested for the interaction between Complexity and Motor-Relatedness 
and the effect of Motor-Relatedness for simple cognate and complex verbs separately.
 A double threshold was used to protect against false-positive activations, by combining 
a voxel-level p-value of p < .001 (uncorrected) with a minimum cluster extent of 43 voxels 
(p < .001/k = 43 threshold). This cluster extent was determined by modeling the entire 
imaging volume, assuming a specified individual voxel type I error (in this case p = .001), 
smoothing the volume with a three-dimensional 8-mm FWHM Gaussian kernel and 
calculating the probability associated with each cluster extent across 1000 Monte Carlo 
simulations, yielding a correction for multiple comparisons of p < .05 (Forman et al., 1995; 
Slotnick, Moo, Segal, & Hart Jr, 2003). When the predicted activations in sensorimotor areas 
were not found with the p < .001/k = 43 threshold, an alternative threshold was used. For 
this, a voxel-level p-value of p < .005 (uncorrected) was combined with a minimum cluster 
extent of 65 voxels (p < .005/k = 65 threshold), also leading to a correction for multiple 
comparisons of p < .05 according to the method described above (with the increased cluster 
size compensating for the higher threshold). The p < .005/k = 65 threshold was used to 
make sure that the lack of a predicted activation was not due to a thresholding issue. When 
the p < .005/k = 65 threshold was used for a certain contrast, then it was also used for its 
reverse contrast, to take into account related thresholding issues. The same was done for 
related simple contrasts yielding no significant activations in sensorimotor areas with the 
p < .001/k = 43 threshold.
Results
Of the 51 participants, seven (one L1 speaker, six L2 speakers) were excluded because their 
percentage of errors to pseudo-words was higher than 40 % and/or more than 2 standard 
deviations above the mean. In addition, six participants (one L1 speaker, five L2 speakers) 
were excluded because of compromised data quality, technical problems and/or motion 
artifacts. For the L1 group, three items were excluded because their percentage of errors 
was more than 3 standard deviations above the mean. This was also the case for two items 
for the L2 group.
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Behavioral Results
Table 2.3 provides an overview of the errors to words. L1 speakers made relatively few errors 
to word or pseudo-word stimuli (M = 1.54 %, SD = 3.10 %, and M = 5.94 %, SD = 8.60 %, 
respectively), indicating that they were attentive to the task. The analysis of their errors to 
simple verbs only (Simple Verb subdesign) revealed no significant effects or interactions (Fs 
< 2.39, ps > .13). The ANOVA for the Cognate Verb subdesign showed a significant interaction 
between Complexity and Motor-Relatedness (F(1,19) = 4.61, p < .05), due to a tendency to 
make more errors to complex motor compared to non-motor verbs (t = 2.03, p = .057). 
Simple cognate motor and non-motor verbs did not differ (p > .57). The main effects of 
Motor-Relatedness and Complexity were not significant (Fs < 1.74, ps > .20). 
 L2 speakers made somewhat more errors to word and pseudo-word stimuli than L1 
speakers (M = 9.79 %, SD = 9.36 %, and M = 12.67 %, SD = 12.18 %, respectively). The 
analysis of their errors to simple verbs only (Simple Verb subdesign) revealed a significant 
main effect of Cognate Status (F(1,17) = 11.70, p < .01), indicating that L2 speakers made 
more errors to non-cognate than to cognate simple verbs. Other effects and interactions 
did not reach significance (Fs < .46, ps > .50). The ANOVA for the Cognate Verb subdesign 
showed a marginally significant main effect of Complexity, indicating that there were 
somewhat more errors to complex than to simple cognate verbs (F(1,17) = 3.10, p = .096). 
Other effects and interactions were not significant (Fs < 1.78, ps > .20). See Table 2.3 for an 
overview.
Off-Line Rating Results
The results of the off-line motor-relatedness rating conducted after the fMRI-experiment 
showed that both L1 and L2 participants judged simple cognate motor verbs (L1: M = 4.11, 
SD = .54; L2: M = 4.09, SD = .42) and simple non-cognate motor verbs (L1: M = 4.50, SD = 
Table 2.3  Behavioral Results: % Errors to Words
L1 speakers L2 speakers
Simple Cognate Motor 1.04 (1.85)   5.79 (5.37)
Non-Motor 1.46 (2.80)   7.00 (5.99)
Simple Non-Cognate Motor   .42 (1.28) 13.19 (12.56)
Non-Motor 1.52 (2.55) 13.89 (11.96)
Complex Cognate Motor 3.26 (5.06) 10.42 (7.32)
Non-Motor 1.52 (3.24)   8.45 (8.63)
Note. Mean percentages shown, with standard deviations between parentheses.
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.33; L2: M = 4.29, SD = .49) to be significantly more motor-related than simple cognate 
non-motor verbs (L1: M = 2.21, SD = .56; L2: M = 1.74, SD = .37) and simple non-cognate 
non-motor verbs (L1: M = 1.81, SD = .45; L2: M = 1.82, SD = .41), respectively (L1: ts > 15.67, 
ps < .001; L2: ts > 14.78, ps < .001). The difference between complex motor verbs (L1: M = 2.24, 
SD = .44; L2: M = 2.24, SD = .52) and complex non-motor verbs (L1: M = 1.98, SD = .47; L2: 
M = 1.67, SD = .54) was small but significant (L1: t = 3.92, p < .001; L2: t = 9.54, p < .001).
fMRI Results: Simple Verb Subdesign
ROI analyses
To investigate whether simple motor verbs elicited more activation in somatosensory and 
motor areas than simple non-motor verbs, three ROIs were tested: the S2, the SM and the 
Pre/M ROI. For each ROI, an omnibus ANOVA over both language groups was followed up 
by ANOVAs for each group separately (see Figure 2.2 for an overview of results).
S2 ROI
For the S2 ROI, the Simple Verb omnibus ANOVA including both language groups (see Table 
2.4) showed that simple motor verbs yielded significantly higher activation in the S2 ROI 
than simple non-motor verbs, as indicated by a main effect of Motor-Relatedness. The triple 
interaction between Cognate Status, Motor-Relatedness and Language was marginally 
significant. No other effects or interactions involving Motor-Relatedness were significant. 
 In the analyses for L1 and L2 speakers separately, the interaction between Cognate 
Status and Motor-Relatedness did not reach significance. In contrast, the main effect of 
Motor-Relatedness was significant for both groups. These results indicate that simple motor 
verbs elicited greater levels of activation in the S2 ROI than simple non-motor verbs in both 
language groups, regardless of cognate status. 
SM and Pre/M ROIs
For the other two ROIs, the Simple Verb omnibus ANOVA including both language groups 
(SM ROI: Table 2.5; Pre/M ROI: Table 2.6) showed a similar pattern of results. A significant 
main effect of Motor-Relatedness indicated that there was more activation for simple 
motor than non-motor verbs in these ROIs. No other effects or interactions involving 
 Motor-Relatedness were significant. 
 For the SM ROI, separate analyses for the two language groups indicated that the same 
pattern could be found with both groups: Both L1 and L2 speakers showed a main effect of 
Motor-Relatedness, whereas the interaction between Cognate Status and Motor-Relatedness 
was not significant in either group. 
 For the Pre/M ROI, separate analyses for both language groups revealed that the main 
effect of Motor-Relatedness was significant with L1 speakers, but not L2 speakers. No other 
effects or interactions involving Motor-Relatedness were found with either language group. 
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Thus, motor-related activations were found with both language groups in the SM ROI and 
with L1 speakers in the Pre/M ROI.
Figure 2.2  ROI analyses: Contrast values for each of the experimental conditions for L1 and L2 
speakers. (error bars: +1 SE).
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Table 2.4   S2 ROI: Simple Verb ANOVA on Contrast Values for Simple Verbs for L1 and  
L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Cognate Status 2.68 .11 <.001 .99 4.94 .04
Motor 15.52 <.001 6.48 .02 11.13 .004
Cognate Status x Motor .002 .97 1.55 .23 1.96 .18
Language 1.22 .28 NA NA NA NA
Cognate Status 
    x Language
2.64 .11 NA NA NA NA
Motor x Language .01 .92 NA NA NA NA
Cognate Status x Motor  
    x Language
3.43 .07 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
Table 2.5   SM ROI: Simple Verb ANOVA on Contrast Values for Simple Verbs for L1 and 
L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Cognate Status .22   .64 1.38   .26   .57   .46
Motor 9.74     .004 4.27     .053 5.31     .034
Cognate Status x Motor .58    .45   .24   .63   .34   .57
Language .33   .57 NA NA NA NA
Cognate Status 
    x Language
1.87   .18 NA NA NA NA
Motor x Language   .32   .57 NA NA NA NA
Cognate Status x Motor  
    x Language
.006   .94 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
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Whole-brain analysis
To find out whether simple motor verbs elicited more activation than simple non-motor 
verbs in other brain regions, full-factorial whole-brain analyses were done over both 
language groups together and for each group separately.
Analysis over both groups 
 Simple (Motor – Non-Motor) and reverse contrast. In the Simple Verb analysis over 
both groups, the [Simple (Motor – Non-Motor)] contrast revealed significant clusters of 
activation in somatosensory and motor areas (see Figure 2.3). Bilaterally, a large cluster 
extended from the superior and transverse temporal gyri over the parietal and rolandic 
operculum, the insula, the claustrum and the putamen to the pre- and postcentral gyri and 
central sulcus. Activations were also found from the bilateral midcingulate gyrus over the 
medial frontal gyrus into the right superior frontal gyrus and paracentral lobule. Ventrally, 
activations were seen in the bilateral amygdala and hippocampus. More caudally, clusters 
were found stretching from the right anterior lingual gyrus to the right calcarine fissure and 
from the left parieto-occipital to the calcarine fissure. 
 The reverse contrast yielded two significant clusters in the left inferior frontal gyrus, 
one in the pars orbitalis, one in the pars triangularis. 
 Interactions involving Motor-Relatedness and Language. The interaction between 
Motor- Relatedness and Language [i.e., L1 (Simple Motor – Non-Motor) – L2 (Simple Motor 
Table 2.6   Pre/M ROI: Simple Verb ANOVA on Contrast Values for Simple Verbs for L1 
and L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Cognate Status 3.58   .066 4.42   .049   .38 .55
Motor 8.82   .005 7.57   .013 2.82 .11
Cognate Status x Motor   .12 .74 1.44 .25   .83 .38
Language   .22 .65 NA NA NA NA
Cognate Status 
    x Language
  .99 .33 NA NA NA NA
Motor x Language   .01 .91 NA NA NA NA
Cognate Status x Motor
    x Language
2.21 .15 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
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– Non-Motor)] revealed a significant cluster in the left supramarginal gyrus, and one in the 
right anterior calcarine fissure. For the reverse contrast, no significant clusters were found. 
The three-way interaction between Cognate Status, Motor-Relatedness and Language [i.e., 
L1 (Simple Cognate (Motor – Non-Motor) – Simple Non-Cognate (Motor – Non-Motor)) – 
L2 (Simple Cognate (Motor – Non-Motor) – Simple Non-Cognate (Motor – Non-Motor))] 
revealed a significant cluster in the right claustrum and putamen, whereas no significant 
clusters were found with the reverse contrast. 
 None of the clusters found for the interactions involving Motor-Relatedness and Language 
overlapped with the clusters found for the [Simple (Motor – Non-Motor)] contrast.
Figure 2.3  (a) and (b): Full-factorial analyses over both groups: red: Simple Verb subdesign, 
[Simple (Motor – Non-Motor)] contrast; green: Cognate Verb subdesign, Interaction 
between Complexity and Motor-Relatedness ([Simple Cognate (Motor – Non-Motor) – 
Complex (Motor – Non-Motor)] contrast); (a) lateral, x = -46; (b) coronal, y = -14. P < .001, 
k = 43; (c) Contrast values for all cognate conditions for the Interaction between Complexity 
and Motor-Relatedness ([Simple Cognate (Motor – Non-Motor) – Complex (Motor – 
Non-Motor)] contrast), both language groups.
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Analysis of the L1 group
 Simple (Motor – Non-Motor) and reverse contrast. In the Simple Verb analysis of L1 
speakers only, the [Simple (Motor – Non-Motor)] contrast yielded a similar pattern as the 
analysis over both groups (Figure 2.4). Bilaterally, significant clusters extended from the 
postcentral gyrus to the central sulcus and to the right precentral gyrus, and from the 
parietal and rolandic operculum to the transverse temporal gyrus. More caudally, significant 
clusters were seen in the right anterior lingual gyrus and in the left parieto-occipital fissure. 
Other significant clusters were found in the left supramarginal gyrus, in the left amygdala 
and in the left putamen reaching into the globus pallidus. 
 The reverse contrast yielded no significant clusters. 
 Interaction between Cognate Status and Motor-Relatedness. The [Simple Cognate 
(Motor – Non-Motor) – Simple Non-Cognate (Motor – Non-Motor)] contrast and its reverse 
did not reveal any significant clusters. 
Analysis of the L2 group
 Simple (Motor – Non-Motor) and reverse contrast. When L2 speakers were analyzed 
separately, the [Simple (Motor – Non-Motor)] contrast also revealed significant activation 
in somatosensory and motor areas (Figure 2.4). Clusters extended from the bilateral 
transverse temporal gyrus to the bilateral parietal operculum. In the right hemisphere, 
another significant cluster stretched from the precentral gyrus through the central sulcus 
to the postcentral gyrus. Subcortically, activations were found in the bilateral amygdala. All 
these clusters, except the one in the right amygdala, overlapped with the clusters found for 
the same contrast in the analysis including L1 speakers only. 
Figure 2.4  Full-factorial whole-brain analyses, L1 and L2 speakers separately. Simple Verb 
subdesign: Simple (Motor – Non-Motor) contrast per language group. Red: L1 speakers; 
green: L2 speakers; yellow: overlap. (a) lateral, x = -51; (b) coronal, y = -17. P < .001, k = 43.
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 The reverse contrast only revealed a significant cluster on the border of the pars 
triangularis and the pars orbitalis of the left inferior frontal gyrus. 
 Interaction between Cognate Status and Motor-Relatedness. This interaction yielded 
significant clusters of activation in both directions in regions associated with executive 
control. The [Simple Cognate (Motor – Non-Motor) – Simple Non-Cognate (Motor – 
Non-Motor)] contrast showed a left-hemisphere cluster extending from the caudal anterior 
cingulate cortex to the medial and superior frontal gyrus. Another left-hemisphere cluster 
was found in the inferior precentral sulcus. In the right hemisphere, significant clusters were 
found in the anterior insula and in the corpus callosum. 
 The reverse contrast revealed two clusters: one stretching from the ventral anterior 
cingulate gyrus to the anterior medial frontal gyrus bilaterally (but more extensively in the 
right hemisphere), and another cluster in the right angular gyrus. 
 The clusters found for the interactions with Motor-Relatedness did not overlap with 
the clusters found for the [Simple (Motor – Non-Motor)] contrast. To rule out the possibility 
that the somatosensory and motor activations found for the [Simple (Motor – Non-Motor)] 
contrast (see above) were driven by the simple cognate verbs only, we ran an additional 
analysis contrasting simple non-cognate motor and non-motor verbs. The results show that 
somatosensory and motor regions are not only activated when we look at cognate and 
non-cognate verbs together, but also when only non-cognate verbs are included in the 
analysis (for more detailed results, see Appendix 2D).
Summary
To summarize, the [Simple (Motor – Non-Motor)] contrast yielded significant activations in 
motor and somatosensory areas (i.e., pre- and postcentral gyri, central sulcus and parietal 
operculum), both in the analysis over the two language groups and in the analyses for each 
language group separately. For L1 speakers, the interaction between Cognate Status and 
Motor-Relatedness revealed no significant activations, whereas L2 speakers showed clusters 
of significant activation for this interaction (in both directions) in areas associated with 
executive control and decision processes (anterior cingulate cortex, medial frontal gyrus 
and inferior precentral sulcus; see Appendix 2E for a list of significant activations for the 
[Simple (Motor – Non-Motor)] contrast).
fMRI Results: Cognate Verb Subdesign
ROI analyses
To find out whether both language groups showed motor-related activations for simple 
cognate but not complex cognate verbs, the S2, SM and Pre/M ROIs were tested with 
ANOVAs over both language groups and for each group separately (see Figure 2.2 for an 
overview of the results)
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S2 ROI
In the Cognate Verb omnibus ANOVA including both language groups, the S2 ROI (Table 2.7) 
showed a marginally significant effect of Motor-Relatedness, modulated by a significant 
interaction between Complexity and Motor-Relatedness. Planned pair-wise comparisons 
indicated that simple cognate motor verbs elicited more activation in the S2 ROI than simple 
cognate non-motor verbs (t = 2.94, p < .01), whereas complex motor and non-motor verbs 
did not differ (t = -.20, p = .84). These results suggest that motor-related activations are 
only seen with simple verbs and not with opaque complex verbs, replicating Rüschemeyer 
et al.’s (2007) findings. 
 When L1 speakers were analyzed separately, a similar pattern was found: A significant 
main effect of Motor-Relatedness was modulated by a marginally significant interaction 
between Complexity and Motor-Relatedness. Follow-up comparisons again indicated that 
simple cognate motor verbs induced significantly greater levels of activation in the S2 ROI 
than simple cognate non-motor verbs (t = 2.57, p < .01), while complex motor and 
non-motor verbs did not differ (t = .12, p > .45)3. 
3 Note that a direct comparison of the activation levels for simple versus complex verbs cannot be interpreted 
in a straightforward manner, as simple and complex verbs were not matched on a number of parameters. We 
will come back to this issue in the Discussion.
Table 2.7   S2 ROI: Cognate Verb ANOVA on Contrast Values for Cognate Verbs for L1  
and L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Complexity   1.76 .19 1.48 .24 20.59 <.001
Motor   3.25 .08 4.39 .05     .24 .63
Complexity x Motor   4.59   .039 3.44   .079   1.38 .26
Language   2.79   .104 NA NA NA NA
Complexity x Language 11.16   .002 NA NA NA NA
Motor x Language   1.20 .28 NA NA NA NA
Complexity x Motor
    x Language
    .31 .58 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
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 When L2 speakers were analyzed separately, the main effect of Motor-Relatedness and 
its interaction with Complexity did not reach significance. This lack of significance with L2 
speakers is discussed in more detail in the Discussion. 
SM and Pre/M ROIs
In the Cognate Verb omnibus ANOVAs, the SM and Pre/M ROIs displayed similar patterns as 
the S2 ROI: The interaction between Complexity and Motor-Relatedness was significant for 
the Pre/M ROI (Table 2.9), and marginally significant for the SM ROI (Table 2.8). As confirmed 
by planned pair-wise comparisons, simple cognate motor verbs elicited more activation in 
the Pre/M ROI (t = 2.38, p < .05) and the SM ROI (t = 1.60, p = .059) than simple cognate 
non-motor verbs, whereas the difference between complex motor and non-motor verbs did 
not come close to significance (ts < 1.20, ps > .24). No other significant effects or 
interactions involving Motor-Relatedness were found in these analyses. Again, Rüschemeyer 
et al.’s (2007) findings seem to be replicated for the Pre/M and the SM ROI, although less 
robustly for the SM ROI. 
 The less robust nature of the replication for the SM ROI is also illustrated by the 
separate analyses of the two language groups: No significant effects or interactions 
involving Motor-Relatedness were found in either group. For the Pre/M ROI, on the other 
hand, the replication was more robust: For L1 speakers, the interaction between Complexity 
and Motor-Relatedness was significant. Simple cognate motor verbs elicited more activation 
Table 2.8   SM ROI: Cognate Verb ANOVA on Contrast Values for Cognate Verbs for L1 
and L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Complexity   1.15 .29 2.53 .13 18.58 <.001
Motor     .02 .88   .14 .71     .17 .69
Complexity x Motor   3.02   .091 1.76 .20   1.29 .27
Language     .02 .90 NA NA NA NA
Complexity x Language 13.32   .001 NA NA NA NA
Motor x Language     .31 .58 NA NA NA NA
Complexity x Motor
    x Language
      .008 .93 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
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than simple cognate non-motor verbs (t = 2.50, p < .05), whereas complex motor and 
non-motor verbs showed a trend in the opposite direction (t = -1.92, p = .071). L2 speakers, 
however, showed no effects or interactions involving Motor-Relatedness, as with the S2 
ROI. These findings are discussed in more detail in the Discussion.
Whole-brain analysis
Full-factorial whole-brain analyses were done over both groups and for each group 
separately to investigate whether other brain areas showed increased activation for simple 
and/or complex cognate motor verbs compared to non-motor verbs.
Analysis over both groups
 Interaction between Complexity and Motor-Relatedness. In the Cognate Verb analysis over 
both groups, the [Simple Cognate (Motor – Non-Motor) – Complex (Motor – Non-Motor)] 
contrast revealed significant clusters of activation in bilateral somatosensory and motor 
areas, reaching from the postcentral gyrus to the central sulcus (Figure 2.3). 
 With the reverse contrast, no significant clusters were found.
 Simple effects. In the [Simple Cognate (Motor – Non-Motor)] contrast, the same areas were 
activated as in the interaction contrast ([Simple Cognate (Motor – Non-Motor) – Complex 
(Motor – Non-Motor)]), in addition to other areas. Bilaterally, a significant cluster was found 
stretching from the postcentral gyrus to the central sulcus, extending into the rolandic 
operculum and the right precentral gyrus. Another bilateral cluster was located in the 
Table 2.9   Pre/M ROI: Cognate Verb ANOVA on Contrast Values for Cognate Verbs for L1 
and L2 Speakers
Both groups L1 speakers L2 speakers
Effect F-value p-value F-value p-value F-value p-value
Complexity   .59 .45 5.58   .029 2.89 .11
Motor   .41 .53   .16 .69   .24 .63
Complexity x Motor 5.44   .025 9.95   .005   .36 .56
Language   .98 .33 NA NA NA NA
Complexity x Language 8.21   .007 NA NA NA NA
Motor x Language        .02      .89 NA NA NA NA
Complexity x Motor
    x Language
     1.79 .19 NA NA NA NA
Notes. df: Both groups: 1,36; L1 speakers: 1,19; L2 speakers: 1,17. Motor: Motor-Relatedness. NA: Not applicable.
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transverse temporal gyrus. In the right hemisphere, significant clusters were found in the 
amygdala and in the corpus callosum. 
 No significant clusters were found for the reverse contrast, nor for the contrasts 
between Complex Motor and Non-Motor verbs (i.e., [Complex (Motor – Non-Motor)] and 
[Complex (Non-Motor – Motor)]). 
 Interaction between Complexity, Motor-Relatedness and Language. The contrasts for 
the triple interaction yielded no significant clusters in either direction.
Analysis of the L1 group
 Interaction between Complexity and Motor-Relatedness. With the Cognate Verb 
analysis limited to L1 speakers, the [Simple Cognate (Motor – Non-Motor) – Complex (Motor 
– Non-Motor)] contrast yielded no significant results. However, when the p < .005/k = 65 
threshold was used, a left-hemisphere cluster of activation was found in the transverse 
temporal gyrus, and right-hemisphere clusters were seen in the claustrum, reaching into the 
putamen, and in the corpus callosum (Figure 2.5). 
 The reverse contrast did not yield any significant clusters, neither at the p < .001/ 
k = 43 nor at the p < .005/k = 65 threshold.
 Simple effects. The [Simple Cognate (Motor – Non-Motor)] contrast did yield significant 
clusters of activation at the p < .001/k = 43 threshold. One significant cluster was found in 
the left transverse temporal gyrus, overlapping with the cluster seen in the same region for 
the contrast for the Complexity by Motor-Relatedness interaction. In the right hemisphere, 
a significant cluster was found in the rolandic operculum. Other clusters were seen in the 
left thalamus, and from the bilateral putamen, claustrum and insula to the left amygdala. 
 The reverse contrast did not yield any significant clusters, neither at the p < .001/k = 43 
nor at the p < .005/k = 65 threshold. The same holds for the contrasts between Complex 
Motor and Non-Motor verbs.
Analysis of the L2 group
 Interaction between Complexity and Motor-Relatedness. As with L1 speakers, the 
Cognate Verb analysis with L2 speakers revealed no significant results for the [Simple 
Cognate (Motor – Non-Motor) – Complex (Motor – Non-Motor)] contrast. With the p < 
.005/k = 65 threshold, however, clusters of activation were revealed in somatosensory and 
motor areas, i.e., from the bilateral postcentral gyrus to the central sulcus, reaching into the 
right precentral gyrus (Figure 2.5). 
 The reverse contrast yielded no significant results with either threshold. 
 Simple effects. Contrasting Simple Cognate Motor and Non-Motor verbs revealed a 
significant cluster in the left anterior cingulate cortex, extending into the medial frontal 
gyrus. With the p < .005/k = 65 threshold, additional clusters of activation were found in 
somatosensory and motor areas, i.e., from the bilateral central sulcus and precentral gyrus 
into the right postcentral gyrus. The right-hemisphere cluster overlapped with the 
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right-hemisphere activation found for the Complexity by Motor-Relatedness interaction 
(Figure 2.5). 
 The reverse contrast showed clusters in the right angular gyrus with both thresholds, 
and in the corpus callosum, reaching into the ventral anterior cingulate gyrus, with the p < 
.005/k = 65 threshold. 
 Finally, the [Complex (Motor – Non-Motor)] contrast did not reveal any significant 
activations for L2 speakers with either threshold, whereas the reverse contrast showed 
left-hemisphere clusters of activation stretching from the medial to the superior frontal 
gyrus, and from the ventral anterior cingulate cortex to the rostral gyrus, but only with the 
p < .005/k = 65 threshold.
Summary
To summarize, bilateral somatosensory and motor areas (postcentral gyrus to central sulcus) 
were significantly activated in the analysis over both groups for the [Simple Cognate (Motor 
– Non-Motor)] contrast as well as for the interaction between Complexity and Motor- 
Relatedness ([Simple Cognate (Motor – Non-Motor) – Complex (Motor – Non-Motor)]). 
The triple interaction between Complexity, Motor-Relatedness and Language revealed no 
significant results. 
 When the two groups were analyzed separately, the Complexity by Motor-Relatedness 
interaction only yielded significant results with the p < .005/k = 65 threshold. In addition, 
the clusters of activation for this interaction were in slightly different locations for the two 
groups: in the left transverse temporal gyrus and right rolandic operculum for the L1 
speakers, and in the bilateral postcentral gyrus and central sulcus for the L2 speakers (see 
Appendix 2F). These differences are discussed below. For both groups, the clusters for the 
Complexity by Motor-Relatedness interaction overlapped with the clusters found when 
contrasting Simple Cognate Motor and Non-Motor conditions. 
 No significant clusters were found for the [Complex (Motor – Non-Motor)] contrast in 
any analysis. 
Discussion
The central question of the present study was whether embodiment effects are obtained 
not only for L1 speakers, replicating earlier studies, but also for L2 speakers. We studied both 
simple verbs and opaque complex verbs. The Simple Verb subdesign revealed a significant 
main effect of Motor-Relatedness, both in the ROI analyses and the whole-brain analysis 
over both groups. Simple motor verbs elicited higher activation than simple non-motor 
verbs in motor and somatosensory regions. When the L1 and L2 participants were analyzed 
separately, similar patterns were found, indicating that embodiment effects with simple 
verbs were present with both groups. Crucially, L2 participants showed no interaction 
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between Cognate Status and Motor-Relatedness in the regions of interest, indicating that 
embodiment effects with simple verbs for L2 speakers were not primarily driven by cognate 
verbs. Thus, Rüschemeyer et al.’s (2007) results for simple verbs in German were replicated 
for L1 speakers of Dutch and extended to L2 speakers. 
 For the Cognate Verb subdesign, the results for L1 and L2 participants did not 
completely converge in the ROI analyses. L1 participants showed a significant or marginally 
significant interaction between Complexity and Motor-Relatedness in the Pre/M and the S2 
ROI, respectively, and no significant interaction in the SM ROI, whereas L2 speakers showed 
no such interaction in any ROI. In contrast, the whole-brain analyses did reveal significant 
activations for this interaction contrast for both L1 and L2 speakers, albeit at slightly 
differing locations and with the less conservative threshold of p < .005/k = 65 (see below 
for a discussion of the differing localization). It should be noted, however, that the analyses 
over both groups revealed more robust Complexity by Motor-Relatedness interaction 
effects, with simple motor verbs eliciting more activation than simple non-motor verbs in 
somatosensory and motor regions, and no difference between complex motor and 
non-motor verbs. In addition, no triple interactions between Language, Complexity and 
Motor-Relatedness were found, neither in the ROI nor the whole-brain analyses over both 
groups. The results for both simple and complex verbs are discussed in more detail below.
Simple Verb Subdesign: Embodiment Effects with Simple Verbs
Increased activation for simple motor versus non-motor verbs was found in all three motor- 
and/or somatosensory-related ROIs (S2, SM and Pre/M) in the analyses over both groups. 
In the whole-brain analysis over both groups, activations were found in motor and 
somatosensory regions, i.e., pre- and postcentral gyrus, central sulcus, and parietal 
operculum (S2). In line with these results, increased activation for simple motor verbs has 
been found in previous studies in motor and/or premotor cortex (Hauk et al., 2004; Raposo 
et al., 2009; Kemmerer et al., 2008; Rüschemeyer et al., 2007; but see Postle et al., 2008) and 
in S2 (Rüschemeyer et al., 2007).
 Crucially, there were no clear indications of differences between L1 and L2 participants 
in terms of activations in motor and somatosensory areas for simple verbs: Firstly, the ROI 
analyses revealed no significant interactions involving Language and Motor-Relatedness; 
secondly, in the whole-brain analysis, the areas showing significant activation for 
interactions involving these factors (Language by Motor-Relatedness interaction: left 
supramarginal gyrus and right calcarine fissure; Language by Cognate Status by Motor- 
Relatedness interaction: right putamen) did not overlap with the areas showing significant 
activation for the [Simple (Motor –Non-Motor)] contrast. 
 Separate analyses of L1 and L2 participants showed similar patterns. In the ROI 
analyses, simple motor verbs elicited more activation than simple non-motor verbs in both 
groups, although not all differences reached significance: In the SM ROI, the main effect of 
Motor-Relatedness just missed significance for L1 speakers (p = .053); in the Pre/M ROI, this 
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effect did not reach significance for L2 speakers (p = .11). A possible reason for these results 
is that the SM and Pre/M ROIs do not capture embodiment effects with our participants 
well enough because they are based on coordinates from another study (Rüschemeyer et 
al., 2007). Figure 2.1 supports this suggestion: It shows that there is only a slight overlap 
between the Pre/M ROI and the areas significantly activated in the whole-brain analysis, 
and no overlap when the SM ROI is considered. This contrasts with the S2 ROI, which does 
show full overlap with these areas, and which displays robust embodiment effects with 
simple verbs in the separate ROI analyses for both L1 and L2 participants. 
 Regarding the results for the S2 ROI in L2 speakers, it should be noted that the increased 
activation for simple non-cognate motor versus non-motor verbs in this ROI is due to 
differences in deactivation rather than positive activation. It is difficult, however, to 
interpret contrast values for individual conditions below baseline. Possibly, the baseline is 
different in L1 and L2 speakers, but we do not have an obvious explanation for differences 
in baseline between the two groups4. Potential baseline issues make it hard to interpret 
deactivations. Therefore, we think it is safer to interpret only differences in contrast values 
between different experimental conditions, rather than interpreting contrast values of 
individual conditions. 
 Like the ROI analyses, the whole-brain analyses for the two groups separately show 
quite similar patterns for the two groups. Significant activations for simple motor compared 
to non-motor verbs were found in somatosensory and motor-related regions in both 
groups, i.e., bilateral S2, and central sulcus, pre- and postcentral gyri in the right hemisphere. 
L1 speakers also showed significant activation in the left central sulcus and postcentral 
gyrus. To find out whether the lack of activation in the latter regions with L2 speakers was 
related to thresholding issues, we tested the [Simple (Motor – Non-Motor)] contrast at the 
p = .005/k = 65 threshold. With this threshold, L2 participants did show a significant 
left-hemisphere cluster stretching from the precentral gyrus over the central sulcus to the 
postcentral gyrus. In addition, in the whole-brain analysis over both groups, the contrasts 
for the interaction involving Language and Motor-Relatedness did not reveal any activation 
in this area, neither at the p = .001/k = 43 nor at the p = .005/k = 65 threshold. Together, 
these findings argue against a difference between L1 and L2 participants regarding 
activations in motor and somatosensory areas for simple verbs.
4 That this may be a baseline issue, is supported by the results of an alternative analysis of the S2 ROI we 
conducted for L2 speakers. For this, we used contrast values for each condition compared to the implicit 
baseline, rather than to the null condition. Results showed positive activation levels for both simple cognate 
and simple non-cognate motor verbs. A repeated-measures ANOVA on the Simple Verb subdesign (including 
the factors of Cognate Status (Cognate vs. Non-Cognate) and Motor-Relatedness (Motor vs. Non-Motor)) 
indicated that the main effect of Motor-Relatedness was significant (F(1,17) = 11.13, p < .01), whereas the 
Cognate Status by Motor-Relatedness interaction was not (F(1,17) = 1.95, p = .18). These results indicate 
that, with a different baseline, simple non-cognate motor verbs do exhibit positive activation in the S2 ROI 
with L2 speakers.
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 Importantly, the embodiment effects with simple verbs do not seem to be merely 
driven by cognate verbs, i.e., by items for which L1 co-activation is most likely. As expected, 
for L1 speakers, neither ROI nor whole-brain analyses revealed significant interactions 
between Cognate Status and Motor-Relatedness, ruling out any systematic relevant 
differences between the two groups of verbs apart from cognate status. Crucially, for L2 
speakers, the same was true for the ROI analyses. The whole-brain analysis for L2 speakers 
did show Cognate Status by Motor-Relatedness interactions, but a follow-up analysis 
contrasting simple non-cognate motor and non-motor verbs indicated that somatosensory 
and motor regions are activated even when cognate verbs are not included in the analysis. 
In addition, the regions showing increased activation in the interaction contrasts are 
associated with executive control and decision-related processes, not overlapping with the 
sensorimotor areas activated in the Simple (Motor – Non-Motor) contrast. Possibly, the 
difficulty of the L2 lexical decision task and the consequent increase in reaction times 
allows an interaction between motor-related and decision-related processing to develop: 
Activation of motor-related areas with simple motor (hand-related) verbs may prime the 
manual button press, thus interfering with the decision process (to press or not to press).
 The two interaction contrasts showed activations in different executive control regions. 
More specifically, the [Simple Cognate (Motor – Non-Motor) – Simple Non-Cognate (Motor 
– Non-Motor)] contrast revealed significant activations in left caudal anterior cingulate 
cortex (cACC) reaching into the medial and superior frontal gyri (M/SFG), and in the left 
inferior precentral sulcus (iPCS). A network involving the left cACC and M/SFG has been 
implicated in cognitive control processes, i.e., monitoring and implementing cognitive 
control, for example in situations of response conflict (Aarts, 2009; Bush, Luu, & Posner, 
2000; Koski & Paus, 2000; Paus, 2001; Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 
2004). Similarly, the left iPCS has been associated with cognitive control processes, i.e., the 
activation and updating of task(-relevant) representations, for example in task-switching 
contexts or in the Stroop task (Brass, Derrfuss, Forstmann, & von Cramon, 2005; Bunge, 
Kahn, Wallis, Miller, & Wagner, 2003; Derrfuss, Brass, Neumann, & von Cramon, 2005; 
Derrfuss, Vogt, Fiebach, von Cramon, & Tittgemeyer, 2012). It should be added, though, that 
activation in the left iPCS has also been found as a reflection of motor-related processing 
(Grèzes & Decety, 2001; Mayka, Corcos, Leurgans, & Vaillancourt, 2006; Rizzolatti, Fogassi, 
& Gallese, 2002). However, we did not find a similar activation for L1 speakers for simple 
motor versus non-motor verbs, which we would have expected if the left iPCS activation 
was motor-related. Also, the left iPCS activation in L2 speakers is accompanied by increased 
activation in other executive control regions (see above). Therefore, it seems likely that the 
left iPCS activation in L2 speakers reflects executive control rather than motor-related 
processing. 
 The reverse interaction contrast ([Simple Non-Cognate (Motor – Non-Motor) – Simple 
Cognate (Motor – Non-Motor)]) showed a more anteriorly and ventrally located activation, 
in ventral ACC and ventromedial prefrontal cortex. These areas have been implicated in 
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cognitively demanding tasks eliciting performance anxiety (Bush et al., 2000; Paus, 2001; 
Simpson, Drevets, Snyder, Gusnard, & Raichle, 2001; Simpson, Snyder, Gusnard, & Raichle, 
2001). 
 The caudal versus ventral localization of ACC/prefrontal activations for cognate versus 
non-cognate motor verbs, respectively, suggests that, for L2 speakers, different types of 
decision processes may be involved depending on the cognate status of the verb. This is 
plausible, given that cognates, as opposed to non-cognates, are formally very similar to 
their translation equivalents. As has been shown in many behavioral studies (e.g., De Groot 
et al., 2002; Dijkstra et al., 2010; Lemhöfer & Dijkstra, 2004), L2 speakers process cognates 
and non-cognates differently in deciding whether they are indeed L2 words. For L1 speakers, 
the difference in cognate status of L1 words (relative to L2 words) should not play a role in 
an L1 lexical decision task. This is supported by the lack of significant interactions involving 
Cognate Status with L1 speakers in this study.
 The interaction involving L2 non-cognate motor verbs (the [Simple Non-Cognate 
(Motor – Non-Motor) – Simple Cognate (Motor – Non-Motor)] contrast) also showed 
increased activation in the right angular gyrus. Further analyses indicate that this activation 
(as opposed to the activations described above) is due to increased activation for simple 
cognate non-motor versus motor verbs, rather than to simple non-cognate motor versus 
non-motor verbs. We have no obvious interpretation for this activation. At first sight, one 
could think that it is related to abstract versus concrete word processing: The angular gyrus 
has been associated with complex semantic processing, including concept retrieval (Binder 
et al., 2009), and our simple non-motor stimuli may be more abstract than our simple motor 
stimuli. However, this explanation is contradicted by studies showing increased activation 
in the angular gyrus for concrete versus abstract words, rather than the reverse pattern 
(Binder et al., 2009). Therefore, it is not possible to use the concrete versus abstract 
dimension as a possible explanation.
 Our interpretation that the activations found in both L1 and L2 speakers for simple 
motor versus non-motor verbs are due to their difference in motor-related characteristics is 
supported by our behavioral results and ratings. The error rates to simple verbs showed no 
significant effects or interactions involving Motor-Relatedness in either group. This indicates 
that the embodiment effects we found for both groups cannot be explained by differences 
in cognitive load between simple motor and non-motor verbs. In addition, simple motor and 
non-motor verbs were matched for a number of variables, i.e., length and frequency. They 
did differ in terms of motor-relatedness, which was not only established by independent 
raters in a pretest, but also confirmed by the fMRI participants in an off-line rating following 
the fMRI experiment. Thus, the fMRI results can be ascribed to motor-related characteristics 
of our stimuli.
 The finding that simple verbs elicit activations in sensorimotor areas in L2 speakers has 
several implications for L2 processing models. Firstly, both the RHM and the BIA+ models 
hypothesize that semantic representations are shared in L1 and L2 (Dijkstra & Van Heuven, 
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2002; Kroll & Stewart, 1994). This led to the prediction that similar motor-related activations 
should be generated in L1 and L2 speakers. Our results are in accordance with this prediction. 
Secondly, the Sense Model postulates that L2 semantic representations are less rich than L1 
representations (Finkbeiner et al., 2004). However, our results suggest that L2 representations 
are rich enough to generate similar motor-related activations as L1 representations. The finding 
that both cognate and non-cognate verbs elicit embodiment effects indicates that this is 
not just due to transfer from L1 to L2 in L2 speakers. 
 Possibly, the similarity between L1 and L2 embodiment effects may be due to the high 
proficiency of the participants we tested. With less proficient L2 speakers, differences in 
terms of embodiment might have arisen (Bergen et al., 2010; Vukovic, 2012). This effect of 
proficiency may also have been enhanced by the immersion of our L2 speakers in an L2 
environment.
Cognate Verb Subdesign: Holistic Processing of Opaque Complex Verbs?
No embodiment effects were found to semantically opaque complex verbs, as opposed to 
simple verbs, in any of the ROI or whole-brain analyses. The Complexity by Motor-Relatedness 
interaction over both groups revealed significant activations in sensorimotor areas, 
stretching bilaterally from the postcentral gyrus to the central sulcus. These regions were 
encompassed within the areas activated by the [Simple Cognate (Motor – Non-Motor)] 
contrast. The lack of significant activations for the [Complex (Motor – Non-Motor)] contrast 
indicates that the meaning of the (motor) stem of opaque complex verbs was not accessed, 
suggesting that opaque complex verbs are not decomposed but processed holistically, in 
line with Rüschemeyer et al.’s (2007) study. 
 Of crucial interest to our study is the comparison between L1 and L2 speakers. The 
analyses over both groups give no indications that L1 and L2 speakers display differences 
with regard to embodiment effects with simple and complex cognate verbs. None of the ROI 
analyses reveal interactions involving Language and Motor-Relatedness, and the 
whole-brain analysis over both groups does not reveal significant activations for the triple 
interaction between Language, Complexity, and Motor-Relatedness. 
 In the ROI analyses of the two groups separately, L1 and L2 speakers also show a similar 
pattern descriptively, i.e., more activation for motor- than non-motor-related verbs with 
simple cognate verbs, but not with complex verbs. However, the Complexity by Motor- 
Relatedness interaction is not always significant. In L1 participants, an interaction is found, 
but less robustly than in the analyses over both groups: It is significant in the Pre/M ROI and 
marginally significant in the S2 ROI, but absent in the SM ROI. In L2 participants, none of 
the ROI analyses reveal significant Complexity by Motor-Relatedness interactions. 
 The less robust ROI results for the interaction with the two groups separately may 
again be related to the suboptimal location of the SM and Pre/M ROIs with regard to our 
participants: The overlap between these ROIs and activations in the whole-brain analyses is 
small, possibly because the ROIs are based on coordinates from another study (Rüschemeyer 
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et al., 2007). This may make it more difficult to detect significant interactions in these ROIs.
 In the whole-brain analyses of the two groups separately, the Complexity by Motor- 
Relatedness interaction is also less robust than in the whole-brain analysis over both 
groups. For either group, the Complexity by Motor-Relatedness interaction only reveals 
significant activations when the threshold is changed. In addition, the pattern of activation 
differs between L1 and L2 speakers. L1 participants show a cluster of activation in the left 
transverse temporal gyrus, whereas with L2 participants, activations are found in bilateral 
postcentral gyrus and central sulcus. 
 A possible reason for these differing localizations may be differences in language 
proficiency and/or native language influence for L2 compared to L1 participants: These may 
have led to between-group differences in the relative prominence of semantic components 
of the motor verbs presented (Kemmerer et al., 2008).  
 Notwithstanding these differences, both groups show significantly more activation for 
simple cognate motor than non-motor verbs in sensorimotor regions, which in each group 
encompass the regions found for the Complexity by Motor-Relatedness interaction. The 
processing of complex verbs is also very similar for the two groups: No differences in 
activation levels are found for complex motor compared to non-motor verbs in either 
group. Both these results replicate Rüschemeyer et al.’s (2007) findings for L1 speakers and 
extend them to L2 speakers. The results of the present study do differ from Rüschemeyer et 
al.’s (2007) results in one respect: For L1 speakers, the activation levels for complex verbs 
(both motor and non-motor complex verbs) are as high as for simple motor verbs in this 
study in most sensorimotor regions (see Figures 2.2 and 2.3). This is not the case in 
Rüschemeyer et al.’s (2007) study, in which activation levels for complex verbs were in 
between those for simple motor and non-motor verbs. However, a direct comparison of 
simple and complex verbs cannot be interpreted in any straightforward way, as it was not 
possible to match these verbs on characteristics such as word length and frequency: 
Complex verbs were longer and less frequent than simple verbs (see Appendix 2B). 
 The lack of differences in activation levels for complex motor compared to non-motor 
verbs in either group suggests that the (motor-related) meaning of the stem of opaque 
complex (motor) verbs is not accessed. These results are in agreement with many behavioral 
priming studies showing a lack of priming for morphologically complex, semantically 
opaque words (Marslen-Wilson et al., 1994; Feldman & Soltano, 1999; Feldman et al., 2004; 
Gonnerman et al., 2007; Rastle et al., 2000; Longtin et al., 2003; Zwitserlood et al., 2005; 
Feldman et al., 2002) . However, in several morphological priming studies (Lüttmann et al., 
2011; Smolka et al., 2009), German opaque complex verbs did give evidence of being 
decomposed by native speakers of German. One could hypothesize that this discrepancy is 
due to the task being used: Perhaps decomposition of opaque complex verbs was induced 
by the morphological priming technique (in which, e.g., a prime like reheat is followed by a 
target like heat) used in these studies. 
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Conclusion
In this study, we found evidence of language embodiment in L1 speakers as well as advanced 
L2 speakers: Both groups displayed higher activation for motor than for non-motor simple 
verbs in motor and somatosensory brain areas. These activations were evident with both 
cognate and non-cognate verbs, indicating that they were not due to transfer from the 
native language of the L2 speakers. In L2 speakers, additional activations in the ACC and 
prefrontal areas may have originated in differing decision processes for cognate and 
non-cognate verbs. 
 In contrast with simple verbs, opaque complex verbs did not show any evidence of 
language embodiment in either L2 or L1 speakers, as no increased activation was found for 
opaque complex motor versus non-motor verbs in any brain area. Thus, we found no 
evidence for decomposition of opaque complex verbs in either group, which suggests that 
these verbs are processed holistically. However, as the Complexity by Motor-Relatedness 
interaction did not reach significance in some of the analyses, this interpretation should be 
treated with caution. Future studies should investigate whether complex verbs are processed 
differently in different contexts. For example, motor-related activations for complex verbs 
might occur in a morphological priming context, as opposed to the unprimed presentation 
we used.
 In summary, the present results show that L2 semantic representations are rich enough 
to lead to similar motor-related activations as in L1, and this embodiment effect is not 
restricted to cognate verbs, but also shows up for non-cognate verbs.
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Abstract
In this functional magnetic resonance imaging (fMRI) long-lag priming study, we 
investigated the processing of Dutch semantically transparent, derived prefix verbs. In such 
words, the meaning of the word as a whole can be deduced from the meanings of its parts, 
e.g., wegleggen ‘put aside’. Many behavioral and some fMRI studies suggest that native (L1) 
speakers decompose transparent derived words. The brain region usually implicated in 
morphological decomposition is the left inferior frontal gyrus (LIFG). In non-native (L2) 
speakers, the processing of transparent derived words has hardly been investigated, 
especially in fMRI studies, and results are contradictory: Some studies find more reliance on 
holistic (i.e., non-decompositional) processing by L2 speakers; some find no difference 
between L1 and L2 speakers. In this study, we wanted to find out whether Dutch transparent 
derived prefix verbs are decomposed or processed holistically by German L2 speakers of 
Dutch. Half of the derived verbs (e.g., omvallen ‘fall down’) were preceded by their stem 
(e.g., vallen ‘fall’) with a lag of 4 – 6 words (‘primed’); the other half (e.g., inslapen ‘fall 
asleep’) were not (‘unprimed’). L1 and L2 speakers of Dutch made lexical decisions on these 
visually presented verbs. Both region-of-interest analyses and whole-brain analyses showed 
that there was a significant repetition suppression effect for primed compared to unprimed 
derived verbs in the LIFG. This was true both for the analyses over L2 speakers only and for 
the analyses over the two language groups together. The latter did not reveal any interaction 
with language group (L1 vs. L2) in the LIFG. Thus, L2 speakers show a clear priming effect in 
the LIFG, an area that has been associated with morphological decomposition. Our findings 
are consistent with the idea that L2 speakers engage in decomposition of transparent 
derived verbs rather than processing them holistically.
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Introduction
During the past few decades, the processing of morphologically complex words has led to 
considerable debate. Many studies have been devoted to the question whether these words 
are decomposed into their constituent parts or processed holistically. Semantically 
transparent derivations (e.g., reread, derived from read) provide an interesting case in this 
debate. On the one hand, they differ from semantically opaque derivations (e.g., understand, 
derived from stand) in terms of meaning compositionality: Their meaning as a whole is 
related to the meaning of their constituent parts, in contrast with opaque derivations, 
whose meaning cannot be inferred from the meaning of their parts. Thus, lexical access to 
transparent derivations might be accomplished by decomposition of these words into their 
constituent parts. On the other hand, transparent derivations differ from inflections (e.g., 
reads, the present tense third person singular form of read), in that they, like opaque 
derivations, are the result of historical word formation processes, whereas inflections are 
the result of syntactic operations. Thus, transparent derivations constitute new words, in 
contrast with inflections, which constitute different forms of the same word. As a result, 
transparent derivations might be associated with full lexical entries in the so-called ‘mental 
lexicon’, potentially leading to holistic processing of these complex words (see, for example, 
Marslen-Wilson, 2007, for a discussion of this issue). 
 As we will see below, the majority of the available evidence suggests that native (L1) 
speakers decompose transparent derivations. This makes transparent derivations a 
particularly interesting test case for the processing of transparent derivations in non-native 
(L2) speakers, as one could hypothesize that L2 speakers may not (yet) have grasped the 
compositionality of these words, and thus tend to process them holistically (see, for 
example, Clahsen, Felser, Neubauer, Sato, & Silva, 2010). Most studies on the processing of 
transparent derivations have tested (especially L1) speakers in behavioral tasks. In this 
study, we use functional magnetic resonance imaging (fMRI) to investigate the neural 
correlates of the processing of semantically transparent derivations in L2 speakers. 
 Many behavioral studies on L1 processing of transparent derivations have used the 
morphological priming/lexical decision method. In this approach, a target word is preceded 
by a morphologically related word or an unrelated word. For example, a morphologically 
complex word such as reread is preceded by its stem (read), or vice versa. Participants have 
to decide as quickly as possible whether the target is a real word or not (lexical decision 
task). In visual priming (targets and primes presented visually), primes and targets may be 
separated by several intervening stimuli (long-lag priming) or follow each other without 
intervening stimuli (short-lag priming)5. The underlying idea is that if reread and read are 
5 We only review L1 behavioral studies in which a similar method and similar stimuli are used as in the present 
study, i.e., unmasked visual priming and transparent derivations. In contrast, our review of the L1 fMRI and 
L2 literature also includes studies in which other methods and/or stimuli are used, as there are hardly any 
fMRI and/or L2 studies on the processing of transparent derivations using unmasked visual priming.
70
Chapter 3
separate entries in the mental lexicon, read should not facilitate the recognition of reread 
any more than a control prime like think does. In contrast, if the recognition of the target 
word reread involves its decomposition into re- and read, the previous encounter with one 
of these parts (read) should speed up recognition. The results of these studies mostly show 
significant facilitatory priming for transparent derivations in L1 speakers, both in long-lag 
priming (Napps, 1989; Raveh & Rueckl, 2000; Rueckl & Aicher, 2008) and in short-lag 
priming (Feldman et al., 2002; Feldman & Soltano, 1999; Feldman et al., 2004; Rastle et al., 
2000; Smolka et al., 2009; Smolka et al., 2014). These results have been interpreted as 
evidence that transparent derivations are decomposed during lexical access.
 However, the interpretation of priming effects with transparent derivations is 
complicated by the fact that transparent derivations are not only morphologically, but also 
semantically and formally related to their stems. Thus, the observed priming effects could 
be due to the semantic and/or form overlap between transparent derivations and their 
stems, rather than to their morphological relationship. However, long-lag priming typically 
elicits facilitatory effects of morphological relatedness, but not of semantic or form 
relatedness (Feldman, 2000; Napps, 1989; Napps & Fowler, 1987; Rueckl & Aicher, 2008, 
Exp. 1). For example, in a series of long-lag priming experiments, morphologically related 
word pairs such as manager – manage led to significant facilitatory priming, whereas no 
priming was found for form-related (e.g., ribbon – rib) or semantically related (e.g., ache – 
pain) word pairs (Napps, 1989; Napps & Fowler, 1987). Therefore, long-lag priming seems 
particularly useful for the study of transparent derivations: Any facilitatory priming effects 
for transparent derivations in long-lag priming will likely be due to the morphological 
relationship of the prime-target pair rather than their semantic or form relationship.
 In fMRI studies on the processing of transparent derivations, the left inferior frontal 
gyrus (LIFG) has often been associated with morphological decomposition of these words. 
For example, in two lexical decision fMRI studies (Meinzer et al., 2009; Pliatsikas, Wheeldon, 
et al., 2014), increased LIFG activation was found for morphologically complex compared to 
morphologically less complex semantically transparent words. The two conditions were 
matched on a number of lexical and semantic characteristics, such as length, frequency, 
concreteness, etc., and only differed in degree of derivational complexity. In both studies, 
the authors therefore concluded that transparent derivations are decomposed, and that this 
decomposition process is supported by the LIFG (see also Vannest et al., 2005, 2011, for 
similar results for ‘decomposable’ vs. ‘non-decomposable’ derived words and for derived vs. 
simple words, respectively; but see Bozic et al., 2013, and Davis et al., 2004, who found no 
selective activation of the LIFG for derived vs. simple words).
 The fMRI studies mentioned so far did not use morphological priming. In contrast, 
Bozic et al. (2007) used a long-lag priming paradigm in an fMRI study contrasting morpho-
logically, semantically and form-related word pairs. In fMRI studies, priming often leads to 
‘repetition suppression’: a decrease in the BOLD response to primed compared to unprimed 
targets. This decrease is supposed to reflect faster or ‘more efficient’ processing of the 
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primed target in a certain brain region, due to the application of the same processes in that 
brain region as during exposure to the prime (Henson, 2003; Schacter & Badgaiyan, 2001). 
In the unprimed condition, the same process is supposed to operate on the stimulus, but in 
this case, processing is not facilitated by the earlier presentation of a prime – there is no 
prime ‘greasing the tracks’, so to say (Henson, 2003). Thus, if a brain area such as the LIFG 
displays a decreased hemodynamic response to a morphologically complex word that is 
primed by its stem, this is an indication that, in this brain region, processing of the complex 
word involves processing of its stem – suggesting that the complex word is morphological-
ly decomposed. This is precisely what Bozic et al. (2007) found: The LIFG showed lower 
activation for target words primed by morphologically related primes than for unprimed 
target words. This was not the case for semantically or form-related prime-target pairs, 
indicating that the long-lag priming effect was not due to the overlap between form and 
meaning. The LIFG therefore seemed to be specifically involved in morphological processing.
 Several other brain areas have been implicated in the processing of derivations, such as 
the right inferior frontal gyrus (Bick et al., 2010; Bozic et al., 2013), middle temporal cortex 
(Bozic et al., 2013; Meinzer et al., 2009), superior temporal cortex (Bozic et al., 2013; Meinzer 
et al., 2009; Vannest et al., 2011), inferior temporal and occipital-temporal cortex (Bick et 
al., 2010), and occipital cortex (Bick et al., 2010; Meinzer et al., 2009). However, only a 
minority of fMRI studies on derivation processing report evidence of their involvement, in 
contrast with the more consistent evidence that exists for the involvement of the LIFG. This 
is why, as we will see later, we conducted region-of-interest (ROI) analyses of the LIFG only, 
whereas the potential involvement of other brain areas was assessed through whole-brain 
analyses.
 Only a few behavioral studies have been conducted on the processing of transparent 
derivations in L2 speakers. To our knowledge, all of them used other paradigms than 
unmasked priming. These studies have produced conflicting results. In a masked priming 
experiment, Clahsen and Neubauer (2010) found no priming effect for morphologically 
related prime-target pairs (German derived nouns and their stems) in Polish L2 speakers of 
German, as opposed to L1 speakers of German. In another masked priming study, Silva and 
Clahsen (2008) found that priming was reduced for morphologically related prime-target 
pairs (English derived nouns and their stems) compared to word pairs with identical prime 
and target in Chinese and German L2 speakers of English. In contrast, L1 speakers of English 
showed similar effects for morphological and identical priming. The results of these 
experiments were interpreted as suggesting that L2 speakers relied more on holistic 
processing than L1 speakers.
 Other studies, however, report no differences between L1 and L2 speakers in terms of 
the processing of transparent derivations. Diependaele et al. (2011) also used masked 
priming, and found similar facilitatory priming effects for transparent derivations in L1 
speakers of English and in L2 speakers of English (with either Spanish or Dutch as their L1). 
These results suggest that both native speakers and bilinguals decomposed the complex 
72
Chapter 3
words (see also Kirkici & Clahsen, 2013, for similar results for derivations in their masked 
priming experiment with L2 speakers of Turkish). In an unprimed visual lexical decision 
study, Portin and Laine (2001) found that both L1 speakers of Swedish and early Finnish- 
Swedish bilinguals showed shorter lexical decision latencies to transparent derived nouns 
than to morphologically simple nouns of the same length and frequency. One of the possible 
interpretations discussed by the authors refers to parallel dual-route models (more 
specifically the morphological race model proposed in Frauenfelder & Schreuder, 1992). 
According to this interpretation, transparent derivations might be processed faster because 
of a race between two parallel lexical access routes (a decompositional route and a 
whole-word route). In contrast, simple nouns can only be processed through the whole-word 
route, and thus would not benefit from the race between two competing routes. 
 The conflicting evidence reported in these behavioral studies may be due to differences 
in paradigms: masked priming (Clahsen & Neubauer, 2010; Diependaele et al., 2011; Silva & 
Clahsen, 2008) vs. unprimed lexical decision (Portin & Laine, 2001); materials: homogeneous 
(Clahsen & Neubauer, 2010; Portin & Laine, 2001; Silva & Clahsen, 2008) vs. inhomogeneous 
(Diependaele et al., 2011) in terms of suffix and/or word class of derived words, matched vs. 
unmatched in terms of length and/or frequency of derived and unrelated primes (Silva & 
Clahsen, 2008: prime length not matched, no information on whole-word prime frequency; 
Clahsen & Neubauer, 2010: no information on prime frequency); participants: early (Portin 
& Laine, 2001) vs. late (Clahsen & Neubauer, 2010; Diependaele et al., 2011; Silva & Clahsen, 
2008) bilinguals; and/or differences in L1-L2 combinations (Clahsen & Neubauer, 2010: 
Polish-German; Diependaele et al., 2011: Spanish/Dutch-English; Portin & Laine, 2001: 
Finnish-Swedish; Silva & Clahsen, 2008: Chinese/German-English). 
 In the fMRI literature, to our knowledge, only three studies have addressed 
morphological processing in L2 speakers: two on inflectionally complex words (Lehtonen et 
al., 2009; Pliatsikas, Johnstone, et al., 2014) and one on derivations (Bick et al., 2010). In all 
three studies, the LIFG was associated with morphological processing. Lehtonen et al. 
(2009) used an unprimed visual lexical decision task with early Finnish-Swedish bilinguals. 
Each participant saw two lists of simple and inflected nouns: a Swedish list and a Finnish 
list. The results showed increased activation of the LIFG for Finnish inflected nouns 
compared to Swedish inflected nouns and to Finnish simple nouns, suggesting decomposition 
in Finnish and holistic processing in Swedish. This was linked to the structural difference 
between Finnish (morphologically rich) and Swedish (morphologically poor). Pliatsikas, 
Johnstone et al. (2014) used a masked priming task involving inflected verbs with late Greek 
L2 learners of English. They found activation in a network including the LIFG for morpho-
logically related regular verb pairs compared to morphologically related irregular verb pairs 
(which are more likely to be represented holistically) and to unrelated regular verb pairs. This 
pattern of results was found for the combined group of L1 and L2 speakers of English, with 
no indication of any between-group differences. Therefore, the L2 speakers were interpreted 
to use the same decompositional strategy as the L1 speakers. Masked priming was also used 
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by Bick et al. (2010) in their study of derivational processing in early Hebrew-English 
bilinguals. A bilateral network including the LIFG was found to show lower activation for 
morphologically related prime-target pairs compared to semantically related and ortho-
graphically related prime-target pairs. This repetition suppression effect was found for 
both Hebrew and English transparent derivations, suggesting decomposition in both 
languages. Although all three studies found evidence for the involvement of the LIFG in L2 
morphological processing, none of them contrasted L1 and L2 processing of transparent 
derivations. The neural correlates of derivational processing in late bilinguals remain to be 
investigated. 
 With this study, we want to find out whether transparent derivations are decomposed 
or processed holistically in late bilinguals. Decomposition may be challenging for L2 
speakers because it requires an understanding of the morphological structure of words – an 
understanding which may develop only after extended experience with the language. 
However, holistic processing also comes at a cost, as it requires extended memory resources 
for the storage of whole-word forms. The behavioral evidence on this issue is mixed. By 
using fMRI, this study may shed new light on derivational processing in late bilinguals.
 The stimuli used in this experiment consisted of two types of prefix verbs, i.e., particle 
verbs (verbs with separable particles, e.g., meenemen ‘take along’) and prefixed verbs (verbs 
with non-separable particles, e.g., omvatten ‘enclose’). Particle verbs differ from prefixed 
verbs in that their particles are separated from their stem when used in finite form in main 
clauses (e.g., Zij neemt het boek mee ‘She takes the book along’). One could hypothesize 
that, because of their separability, particle verbs are more likely to be morphologically 
decomposed than prefixed verbs. However, several studies comparing the two types of 
prefix verbs have found no processing differences between prefixed and particle verbs in 
terms of decomposition (Lüttmann et al., 2011; Schriefers, Zwitserlood, & Roelofs, 1991). 
For this reason, both types of stimuli were used in this study. Care was taken that the 
proportion of each type was balanced over conditions.
 In this fMRI study, we contrasted native speakers of Dutch with late learners of Dutch 
who had German as their L1. Using long-lag priming, the processing of semantically 
transparent derived verbs was investigated in both groups. We wanted to determine 
whether L1 and L2 speakers show a repetition suppression effect for morphologically 
primed versus unprimed derived verbs in the LIFG in particular. We expected this to be the 
case for L1 speakers, thus replicating Bozic et al.’s (2007) results. For L2 speakers, no clear 
prediction can be formulated on the basis of the mixed existing literature. If L2 speakers 
decompose transparent derived verbs, we should also find an LIFG repetition suppression 
effect for derived verbs primed by their stems. If they process these verbs holistically, we 
should not find such an effect. 
 Since we had a clear prediction for the involvement of the LIFG in derivation processing 
(at least in L1 speakers), we used ROI analyses to investigate effects in this area. Regarding 
the involvement of other brain areas, predictions were less clear, because of the inconsistency 
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in the existing literature on derivation processing. However, because there is at least some 
evidence that brain areas such as temporal cortex may be involved, we also conducted 
whole-brain analyses. In this way, we made sure not to miss effects in brain areas less 
attested in the literature.
 The present study was the second part of a two-part fMRI session6. Each part of this 
session constituted an experiment on its own. The results of the first part are reported in De 
Grauwe, Willems, Rueschemeyer, Lemhöfer, and Schriefers (2014). The second part provided 
the data reported in the current study. In the description of the methods used, the reader is 
referred to De Grauwe et al.’s (2014) study where appropriate.
 As mentioned above, a long-lag priming methodology was used. Complex transparent 
verbs (targets) were preceded by their stems (primes), with four to six intervening stimuli 
(primed condition). This condition was contrasted with a condition with complex verb 
targets that were not preceded by their stem (unprimed condition). To keep the set of 
stimuli similar across the two priming conditions, the verb targets in the unprimed condition 
were followed by their stem, with the same number of intervening stimuli. The potential 
priming effect in the primed condition was enhanced by making use of part 1 of the 
two-part fMRI session: In addition to its presentation as a prime for the primed complex 
verb target in part 2, the stem had already been presented twice in part 1, once as a simple 
verb and once as the stem of a semantically opaque complex verb. Thus, primed complex 
targets were primed three times: twice in part 1 and once in part 2. In contrast, the stems 
of unprimed complex targets had not been presented before (neither in part 1 nor 2). An 
overview of the design can be found in Table 3.1.
Materials and Methods
Participants 
Initially, 21 L1 speakers7 of Dutch and 29 German L2 speakers of Dutch participated in the 
study. After exclusion (for details, see Results below), 18 L1 speakers (14 female, 4 male) and 
21 L2 speakers (13 female, 8 male) remained. The mean age of the remaining participants 
was 22.11 (SD: 2.42, range 18-26) for L1 speakers and 24.62 (SD: 2.13, range 22-29) for L2 
participants.
6 Parts 1 and 2 of the fMRI session took place immediately after each other. In between the two parts, 
 participants could take a small break of several minutes, during which they remained in the scanner.
7 In part 1 (De Grauwe et al., 2014), 22 L1 participants took part. One of them only participated in part 1 and 
not in part 2, resulting in 21 initial L1 participants for the current study.
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 The L2 participants, most of them students at the Radboud University Nijmegen, had 
German as their dominant language, had lived and/or studied in the Netherlands for at least 
1.5 years, and used Dutch regularly for their studies, work and/or private life. Prior to the 
fMRI experiment, they were asked to complete the online version of the Dutch LexTALE test 
(Lemhöfer & Broersma, 2012), a non-speeded visual lexical decision test. Only participants 
with a minimum score of 67.50 % were invited for the fMRI experiment. The average score 
of the selected participants on the LexTALE test was 78.04 % (SD 7.63 %). After participating 
in the fMRI experiment, L2 participants completed a self-assessment rating on their 
proficiency in Dutch (see Appendix 3A for results). Their mean age of acquisition of Dutch 
was 20.10 (SD 2.45), and they had an average of 4.52 (SD 3.03) years of experience with 
Dutch.
 The L1 participants, most of them students at the Radboud University Nijmegen, had 
Dutch as their first and dominant language. They had lived in the Netherlands from birth.
 All participants were right-handed and reported having no reading disorders. They gave 
their written consent in accordance with national legislation and the Helsinki Declaration 
of 1975, revised in 2004. The study received ethical approval from the local reviewing 
committee (Commissie Mensgebonden Onderzoek, regio Arnhem Nijmegen; approval 
number 2001/095 and amendment ‘Imaging Human Cognition’ 2006, 2008).
Materials 
Seventy Dutch morphologically complex verbs were selected as targets (see Table 3.1 for 
examples). They were all semantically transparent, derived Dutch prefix verbs. Because of 
the high similarity between Dutch and German, it was not possible to select enough 
non-cognate verbs of this type. Therefore, we restricted ourselves to cognate verbs. These 
Table 3.1   Design: Triple Priming vs. No Priming
Part 1 Part 2
Words Primed nemen – ondernemen
(nehmen/take –
 unternehmen/undertake)
nemen – meenemen
(nehmen/take –
 mitnehmen/ take along)
Unprimed - inslapen – slapen
(einschlafen/fall asleep –
 schlafen/sleep)
Pseudo-
Words
Primed ralmen – verralmen ralmen – verralmen
Unprimed - bemelgen – melgen
Notes. German and English translations in parentheses. Targets are printed in bold.
76
Chapter 3
were mostly non-identical in form (e.g., inslapen – German: einschlafen/English: fall 
asleep), except for two verbs (bedienen – German: bedienen/English: serve; bemerken – 
German: bemerken/English: notice). Half of the targets occurred in the primed condition, 
the other half in the unprimed condition. The primed condition contained 28 particle (i.e., 
separable) verbs and 7 prefixed (i.e., non-separable) verbs, whereas the unprimed condition 
contained 27 particle verbs and 8 prefixed verbs.
 Complex targets were selected on the basis of two prior rating studies. First, the degree 
of transparency of the complex verbs was determined on the basis of the transparency/
opacity rating reported by De Grauwe et al. (2014). Primed and unprimed transparent 
complex verbs were matched on degree of transparency, as determined by a t-test (p > .47). 
Second, De Grauwe et al. (2014) had selected stems such that they were either clearly 
motor-related or not. Thus, the stems of the primed complex targets in the current study 
were either clearly motor-related or not. To match these stems with the stems of the 
unprimed complex targets (which did not occur in De Grauwe et al., 2014), the same number 
of motor- and non-motor-related stems was included in both priming conditions (19 
motor-related and 16 non-motor-related stems in each condition). In addition, the degree 
of motor-relatedness was rated (see De Grauwe et al., 2014) and matched for stems in the 
primed and unprimed conditions (p > .66). Primed and unprimed complex verbs were also 
matched in terms of whole-word length and stem length (number of letters; ps > .53), and 
whole-word frequency and stem frequency (log-transformed lemma frequency, based on 
the Celex database, Baayen et al., 1995; ps > .39). (See Appendix 3B for further details on 
stimulus characteristics).
 Thus, participants saw 140 words: 35 primed complex targets, 35 unprimed complex 
targets, 35 stems used as primes for the primed complex targets, and 35 stems used as 
fillers (following the complex targets in the unprimed condition). Twenty-eight 
pseudo-words were added, all of them verb-like (ending in the Dutch infinitive suffix ‘-en’) 
and obeying the phonotactic rules of Dutch. They were created by changing one or more 
letters of real Dutch words. Half of them were ‘complex’, consisting of an existing Dutch 
prefix and a non-existing stem. The other half were ‘simple’, being the non-existing stems 
of the complex pseudo-words. Half of the complex pseudo-words were ‘primed’, that is they 
were preceded by their stem in the present study (i.e., in part 2 of the fMRI session) and had 
also been presented in part 1 of the fMRI session (see Table 3.1). The other half of the 
complex pseudo-words were ‘unprimed’. A list of the experimental stimuli can be found in 
Appendix 3C.
Stimulus Presentation 
Participants saw the stimuli through a mirror attached to the head coil while lying on their 
back in the scanner. Their task was to respond to pseudo-words only (go/no-go task), by 
pushing a button on a response box with their right index finger. Each trial started with a 
blank screen presented for a variable jitter time (0 – 2000 ms), followed by a fixation cross 
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(400 ms). Then the stimulus appeared and remained on the screen for 2000 ms or until a 
response was recorded. Finally, a blank screen was presented until the fixed trial length of 
8440 ms was reached. Word and pseudo-word trials were interspersed with 28 null trials. 
These consisted of a blank screen shown for 8440 ms. The stimuli were presented in 
20-point, light-grey, lower-case letters in Arial font against a black background using 
Presentation software (developed by Neurobehavioral Systems, www.neurobs.com). 
 Four different lists were generated. Each list was randomized with the restriction that 
words of the same word condition and pseudo-words were not presented on more than 
three consecutive trials. Primed complex verbs were always preceded by their stem, while 
unprimed complex verbs were always followed by their stem, with four to six intervening 
stimuli between a complex verb and its stem in both cases. Participants saw all 196 trials in 
one block, which lasted approximately 30 minutes.
 Before the fMRI session, participants were familiarized with the task in a practice block 
of eight word and eight pseudo-word trials outside the scanner. Following the fMRI session, 
they completed two off-line ratings: a motor-relatedness rating of the words of part 1 (see 
De Grauwe et al., 2014) and a familiarity rating of the words of part 2. In the familiarity 
rating, participants were asked to indicate for each word if they knew it or not. Finally, L2 
participants filled out a language background questionnaire to rate their proficiency in 
Dutch (see Appendix 3A for results).
Behavioral Data Analysis 
Mean error percentages to words and pseudo-words were calculated. Error percentages to 
complex words were analyzed with a 2 x 2 repeated-measures analysis of variance (ANOVA) 
with the factors of Language (between-participant factor; L1 vs. L2) and Priming (within- 
participant factor; Primed vs. Unprimed). 
 Participants were excluded from further analysis if they made more than 30 % errors 
to pseudo-words or if less than 25 trials per critical condition remained in the fMRI analysis. 
Items were excluded from further analysis for a certain language group if their error 
percentage was more than three standard deviations above the mean of their language 
group. Only correctly answered trials were included in the fMRI analyses.
fMRI Data Acquisition and Analysis 
Whole-brain images were acquired on a Siemens TRIO 3.0T MRI system (Siemens, Erlangen, 
Germany). For the EPI images, the following acquisition parameters were used: 31 axial 
slices, TR = 2110 ms, TE = 30 ms, flip angle = 90º, voxel size = 3.5 mm x 3.5 mm x 3.5 mm. 
High-resolution anatomical images were acquired using an MPRAGE sequence (192 sagittal 
slices, TR = 2300 ms, TE = 3.03 ms, FOV = 256, voxel size = 1 mm x 1 mm x 1 mm).
 Imaging data were analyzed using SPM8 (Statistical Parametric Mapping, www.fil.ion.
ucl.ac.uk/spm). After discarding the first five volumes, preprocessing was performed by 
motion correction through rigid body registration along three translations and three 
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rotations, slice timing correction using the middle slice (slice 17) as reference, normalization 
to the T1 image in MNI space and spatial smoothing using an isotropic 8-mm FWHM 
Gaussian kernel. For one participant, the normalization procedure led to considerable 
distortion. Therefore, this participant’s images were normalized to a standard EPI template 
centered in MNI space.
 For the first-level analysis, the preprocessed functional images of each participant 
were analyzed using the general linear model with regressors for each word condition 
(Primed, Unprimed, Stem Prime, and Stem Filler). A regressor for the null trials was added, 
as well as the six realignment parameters generated during motion correction (three 
translation and three rotation parameters). The regressors were convolved with a canonical 
hemodynamic response function.
ROI analyses
To find out whether primed complex verbs (compared to unprimed complex verbs) led to 
repetition suppression in the LIFG, three ROIs were defined in this area: Brodmann Area (BA) 
44, 45 and 47. For this, the Brodmann Areas section of the Talairach Daemon database was 
used in the WFU PickAtlas toolbox (Lancaster, Summerlin, Rainey, Freitas, & Fox, 1997; 
Lancaster et al., 2000; Maldjian, Laurienti, & Burdette, 2004; Maldjian, Laurienti, Kraft, & 
Burdette, 2003). Together, these three ROIs make up the most part of LIFG grey matter. 
Using these ROIs thus allows us to derive conclusions regarding activation in the LIFG ROIs 
separately (if an interaction with the ROI factor is found) or regarding activation in the LIFG 
as a whole (if effects found are not modulated by the ROI factor).
 For each participant and each ROI, the contrast values for each complex verb condition 
compared to the null condition were calculated using MarsBar, and averaged across all 
voxels in the ROI (Brett et al., 2002). These were entered into a (3 x 2 x 2) repeated-measures 
ANOVA with the factors of ROI (BA44 vs. BA45 vs. BA47), Language (L1 vs. L2) and Priming 
(Primed vs. Unprimed). In addition, results for each language group were analyzed separately 
using repeated-measures ANOVAs with the factors of ROI (BA44 vs. BA45 vs. BA47) and 
Priming (Primed vs. Unprimed). Only effects and interactions involving Priming are reported. 
A significance level of α = .05 was used, and the Greenhouse-Geisser correction was applied 
to correct for violations of sphericity when there was more than one degree of freedom in 
the numerator (Greenhouse & Geisser, 1959). In those cases, original degrees of freedom 
and adjusted p-values are reported. 
Whole-brain analyses
To determine whether other brain regions are also involved in the processing of morpholog-
ically complex words, we conducted a second-level random effects analysis over both 
language groups. For this, the contrast images of the complex word conditions versus the 
null condition of each participant were entered into a full-factorial 2 x 2 analysis (Language: 
L1 vs. L2; Priming: Primed vs. Unprimed). The main effect of Priming and the interaction 
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between Language and Priming were investigated with directional t-tests: Unprimed – 
Primed and reverse, and L1 (Unprimed – Primed) – L2 (Unprimed – Primed) and reverse, 
respectively. In addition, t-tests were used to investigate whether the effect of Priming was 
present for each of the two language groups separately. 
 A double threshold was used to protect against false positives: A voxel-level p-value of 
p < .005 (uncorrected) was combined with a minimum cluster size of 65 voxels. This led to 
a correction for multiple comparisons of p < .05, as determined by the randomization 
method proposed by Slotnick et al. (2003; see also De Grauwe et al., 2014, for more details). 
Results
Eight (1 L1, 7 L2) out of the original 50 participants were excluded because their number of 
errors exceeded the criteria set. One additional L2 participant was excluded because of 
excessive motion, and two additional L1 participants were excluded because of compromised 
data quality. For each language group, three items were excluded because their percentage 
of errors exceeded the criterion set (see Appendix 3C for details).
Behavioral Results 
On average, the L1 participants only made 1.5 % errors to words (SD 1.6 %) and 4.2 % errors 
to pseudo-words (SD 4.8 %). L2 participants made 5.2 % errors to words (SD 4.1 %) and 
11.9 % errors to pseudo-words (SD 8.7 %), indicating that, as to be expected, the task was 
more demanding for them. 
 Table 3.2 gives the mean error percentages for complex verbs for L1 and L2 speakers. 
The repeated-measures ANOVA on the error percentages on complex verbs revealed 
significant main effects of Language (F(1,37) = 9.52, p < .01) and Priming (F(1,37) = 8.16, 
p < .01), modulated by a significant Language by Priming interaction (F(1,37) = 6.20, p < .05). 
Follow-up analyses for the two language groups separately showed that L2 speakers made 
fewer errors to primed than to unprimed complex verbs (p = .001), whereas no difference 
was found between the two conditions in L1 speakers (p > .79).
Table 3.2   Behavioral Results: Mean Error Percentages to Complex Verbs
L1 speakers L2 speakers
Primed 2.3 (3.7)   4.9 (4.7)
Unprimed 2.5 (2.8)   8.4 (6.5)
Note. Standard deviations in parentheses.
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fMRI results 
ROI analyses
The ANOVA over both groups revealed that the main effect of Priming was significant, 
indicating that primed complex verbs elicited less activation in the LIFG than unprimed 
complex verbs (Table 3.3). None of the interactions of Priming with the other two variables 
(Language and ROI) was significant. 
 Although the interactions involving Priming and Language were not significant, L1 and 
L2 speakers were also analyzed separately for exploratory purposes, to make sure that the 
Priming effect was indeed present in both groups (see Figure 3.1). The ANOVA for L2 
speakers showed that the LIFG was activated less for primed than for unprimed complex 
verbs. For L1 speakers, however, no such difference was found: None of the effects or 
interactions was significant. 
 To determine whether the null hypothesis (i.e., no difference between primed and 
unprimed complex verbs) can be accepted for L1 speakers, we performed a Bayesian analysis 
of the L1 data. For this, we used Masson’s (2011) approach, which is based on a transformation 
of the sum-of-squares values obtained in a regular ANOVA. For the main effect of Priming 
with L1 speakers, the resulting Bayes factor was 2.53. This is equivalent to 71.6 % support 
for the null hypothesis, as opposed to 28.4 % support for the alternative hypothesis. 
According to Raftery (1995), this constitutes weak evidence in favor of the null hypothesis. 
Table 3.3   ROI Analyses: Repeated-Measures ANOVAs on Contrast Values for  
Complex Verbs
Both groups L1 speakers L2 speakers
Effect df F p df F p df F p
Priming 1,37 6.72   .014 1,17 1.01 .33 1,20 6.67   .018
ROI x Priming 2,74   .12   .82 2,34   .17 .77 2,40   .80   .42
Language x Priming 1,37 1.96 .17 - - - - - -
Language x ROI  
    x Priming
2,74   .83 .41 - - - - - -
Note. -: Not applicable.
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 We also wanted to know whether the neural priming effect found for L2 speakers is 
due to the increased difficulty of unprimed compared to primed complex verbs. Therefore, 
a regression analysis was performed. The predictor in this analysis was the difference in 
error percentage between unprimed and primed complex verbs for L2 participants. For the 
dependent variable, an LIFG ROI was created by combining the BA44, BA45 and BA47 ROIs. 
For this ROI, contrast values were extracted for primed and unprimed conditions for each 
L2 participant using MarsBar (Brett et al., 2002). The difference between the contrast values 
for unprimed and primed complex verbs constituted the dependent variable. Results showed 
no evidence that the size of the priming effect in error percentages predicted the difference 
in contrast values between unprimed and primed conditions (p = .84).
 So far, the results indicate that L2 participants show a clear Priming effect for complex 
verbs in the LIFG. The results for L1 participants are not as clear: Descriptively, they also 
show a Priming effect, and the analysis over both groups shows no evidence of an interaction 
of the significant Priming effect with participant group. However, in the analysis over L1 
speakers only, the Priming effect fails to reach significance. Still, the Bayesian analysis of 
the L1 results only provides weak evidence for the absence of a Priming effect. These results 
will be addressed in more detail in the Discussion.
Whole-brain analyses
To examine whether the Priming effect was present not only in the LIFG but also in other 
brain regions, a full-factorial second-level analysis over both groups was performed (see 
Appendix 3D for an overview of significant activations). 
 The Unprimed versus Primed contrast yielded five significant left-lateralized clusters of 
activation: from the pars orbitalis to the pars triangularis in the LIFG (overlapping with the 
BA47 ROI), in the pars opercularis of the LIFG (overlapping with the BA44 and some of the 
BA45 ROI) reaching into the insula, in the supramarginal gyrus, in the posterior superior 
temporal sulcus and in the bilateral medial superior frontal gyrus (see Figure 3.2). 
Figure 3.1  Mean contrast values for 3 LIFG ROIs (BA44, BA45, and BA47) for L1 and L2 
speakers. Error bars: +1 SE.
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 The reverse contrast (Primed versus Unprimed) also revealed five significant clusters: 
One cluster extended from the left insula to the left superior temporal gyrus, one was found in the 
right superior temporal gyrus, one in the right hippocampus reaching into the parahippo-
campal gyrus, one in the bilateral cerebellum and one in the right inferior parietal lobule.
 For the Language by Priming interaction contrast [L1 (Unprimed – Primed) – L2 
(Unprimed – Primed)], two significant clusters were found bilaterally in the posterior insula. 
For the reverse contrast, no significant clusters were found. To informally inspect whether 
the lack of significant activations was due to thresholding issues, the threshold was lowered 
to p < .005 (uncorrected). With this threshold, clusters were found in the pars opercularis 
of the LIFG and the left insula. However, they were too small (k < 7) to satisfy the corrected 
p < .05 threshold. 
 When L1 speakers were analyzed separately, the Unprimed versus Primed contrast 
revealed no significant clusters. Again, to rule out thresholding issues, the threshold was 
lowered to p < .005 (uncorrected). The only cluster coming close to significance at this 
Figure 3.2  Significant clusters of activation for the [Unprimed – Primed] contrast in the 
full-factorial whole-brain analysis. Red: both groups; green: L2 speakers; yellow: overlap 
between activations for both groups and for L2 speakers. p < .005/k > 65, leading to a 
correction for multiple comparisons of p < .05. No significant activation was found for L1 
speakers for this contrast.
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threshold was located in the left posterior superior temporal sulcus (k = 39). For the reverse 
contrast, no significant clusters were found either. At the p < .005 (uncorrected) threshold, 
small clusters were found in the right superior temporal gyrus, the left cerebellum, the right 
inferior parietal lobule, the right inferior frontal sulcus and left periventricular white matter. 
However, they were all too small to satisfy the corrected p < .05 threshold (k < 14).
 In contrast, L2 speakers showed significant activation for the Unprimed versus Primed 
contrast (see Figure 3.2). A large left-lateralized cluster stretched from the pars orbitalis 
over the pars triangularis to the pars opercularis of the LIFG (overlapping with the three 
LIFG ROIs), reaching into the insula. With the threshold lowered to p < .005 (uncorrected), 
the only other cluster coming close to significance was situated in the left supramarginal 
gyrus (k = 39). For the reverse contrast, significant bilateral clusters were found in the 
superior temporal gyrus, extending into the ventral insula, and in the dorsal insula, reaching 
into the right parietal operculum. Another significant right-lateralized cluster stretched 
from the parahippocampal gyrus into the hippocampus. 
 To summarize, the whole-brain analysis confirmed a clear Priming effect in the LIFG 
over both groups and for L2 participants, and revealed additional clusters of activation in 
bilateral temporal, parietal and frontal regions over both groups. 
Discussion
In this long-lag priming fMRI study, the processing of semantically transparent derived 
verbs was investigated in L1 and L2 speakers. The priming paradigm allowed us to determine 
whether the LIFG showed a repetition suppression effect to primed compared to unprimed 
transparent derivations. Such an effect would indicate that, in the LIFG, the primed target 
(derivation) is processed more efficiently because the same process has already been 
applied to the prime (stem). Since long-lag priming is supposed to reflect morphological 
rather than semantic or formal processing, this facilitation should be due to morphological 
decomposition rather than to semantic and/or form similarities between stem and derivation 
(see Introduction). Both ROI analyses and whole-brain analyses revealed that repetition 
suppression effects were indeed present in the LIFG for primed compared to unprimed 
complex verb targets. This was true both for the analyses over the two language groups 
together and for the analyses of L2 participants only. When L1 speakers were analyzed 
separately, no such priming effect was found. However, no evidence was found of a 
difference between the two language groups in the LIFG, as shown by the lack of a Language 
by Priming interaction in this area. The whole-brain analysis over both groups also revealed 
additional repetition suppression effects in mainly left-lateralized temporal, parietal, and 
frontal regions, and increased activations or repetition enhancement effects for primed 
compared to unprimed derived verbs in bilateral temporal and cerebellar regions and right 
parietal areas. 
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 The involvement of the LIFG in morphological processing has been revealed in many 
neuroimaging studies on derivational and inflectional processing in L1 and L2 speakers, 
both in studies using a priming paradigm (L1 derivations: Bick et al., 2009; Bozic et al., 2007; 
L2 derivations: Bick et al., 2010; L2 inflections: Pliatsikas, Johnstone, et al., 2014) and in 
studies not using a priming paradigm (L1 derivations: Meinzer et al., 2009; Pliatsikas, 
Wheeldon, et al., 2014; Vannest et al., 2011; Vannest et al., 2005; L1 inflections: Laine et al., 
1999; Lehtonen et al., 2006; Tyler et al., 2005; L2 inflections: Lehtonen et al., 2009; – for a 
discussion of the potential effect of using a priming paradigm, see below). The involvement 
of the LIFG has been interpreted as evidence for decomposition of morphologically complex 
words. More specifically, the LIFG has been postulated to be involved in morpho-phonological 
segmentation of complex words (Tyler et al., 2005). In another account (Lehtonen et al., 
2006), however, this segmentation function is attributed to more posterior areas, such as 
the left occipitotemporal cortex (OT), whereas the LIFG is supposed to support later 
combinatorial processes in which stem and affix are phonologically and semantically 
integrated. This account is supported by studies suggesting that the LIFG is involved in 
controlled retrieval and manipulation processes of semantic and phonological representa-
tions (e.g., Poldrack et al., 1999; Wagner, Paré-Blagoev, Clark, & Poldrack, 2001). In addition, 
several masked priming fMRI studies on morphological processing showed repetition 
suppression in the left OT for morphologically related word pairs, suggesting that this 
region is involved in early stages of morphological processing (L1 derivations: Gold & Rastle, 
2007; L2 derivations: Bick et al., 2010; L2 inflections: Lehtonen et al., 2009). In our study, we 
did not find any involvement of the OT. This may be related to our use of long-lag priming, 
which may not be as sensitive to early effects as masked priming. 
 LIFG involvement in morphological processing is sometimes accompanied by the 
involvement of the left or bilateral posterior superior temporal gyrus (pSTG; L1 derivations: 
Bozic et al., 2013; Meinzer et al., 2009; Vannest et al., 2011; L1 inflections: Laine et al., 1999; 
Tyler et al., 2005) or superior temporal sulcus (pSTS; L1 inflections: Lehtonen et al., 2006). 
So far, this has only been found in studies on L1 morphological processing. The pSTG has 
been associated with phonological and/or lexico-semantic processing (phonological: 
Binder et al., 2009; Graves et al., 2014; lexico-semantic: Grindrod, Bilenko, Myers, & 
Blumstein, 2008; Ruff, Blumstein, Myers, & Hutchison, 2008; Ulrich, Hoenig, Grön, & Kiefer, 
2013), whereas activation of the pSTS has mainly been found for phonological processing 
(Buchsbaum, Hickok, & Humphries, 2001; Price, 2000; Turkeltaub, Gareau, Flowers, Zeffiro, 
& Eden, 2003). The involvement of these areas in morphological processing has been 
attributed to lexical access to the stems of inflected words (Tyler et al., 2005) or access to 
semantic, phonological and/or syntactic representations of stems and affixes (Lehtonen et 
al., 2006). 
 In the current study, the priming paradigm led to a pattern of repetition suppression 
and repetition enhancement effects in both inferior frontal and posterior temporal areas for 
primed compared to unprimed morphologically complex words: Repetition suppression 
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effects were found in the LIFG and left pSTS, and repetition enhancement effects were 
found in bilateral pSTG. According to Henson (2003), repetition suppression indicates that 
the same type of processing occurs for primed and unprimed stimuli in the areas showing 
this effect, a processing that is facilitated by the prime in the primed condition, but not in 
the unprimed condition (for a more elaborate explanation, see Introduction). In contrast, 
repetition enhancement effects are generally interpreted to show additional processing for 
primed compared to unprimed stimuli in the areas showing increased activation (Henson, 
2003). First, we will discuss the repetition suppression effects we found; then we will go 
into the repetition enhancement effects.
 The repetition suppression effect in the left pSTS indicates that the (phonological) 
representations of the stems are accessed for both primed and unprimed transparent verbs, 
but that this is facilitated for the former because their stems have already been accessed 
upon presentation of the stem primes. The controlled retrieval account of the LIFG (e.g., 
Poldrack et al., 1999) suggests that the LIFG controls access to these representations, 
following decomposition of the complex verb into stem and affix (Lehtonen et al., 2006). In 
this account, the repetition suppression effect found in the LIFG indicates that controlled 
retrieval of the representations of stem and affix occurs for both primed and unprimed 
complex verbs, but that this is facilitated for the former because the stem representation is 
already retrieved upon presentation of the prime. The alternative account, i.e., that the LIFG 
supports the morphological segmentation process itself (Tyler et al., 2005), seems more 
difficult to integrate with the repetition suppression results. The facilitation reflected by 
repetition suppression is supposed to be due to performance of the same process on the 
prime as on the primed stimulus (Henson, 2003). Therefore, presentation of the stem prime 
should not lead to facilitation of the morphological segmentation process of the primed 
complex verb, as morphological segmentation is not performed on the stem prime itself. Of 
course, the LIFG may support morphological segmentation for both primed and unprimed 
complex verbs to a similar degree, in addition to controlling access to stem representations. 
This cannot be determined on the basis of the current study, as our results are dependent 
on the comparison of primed and unprimed complex verbs.
 Next, we turn to the repetition enhancement effects. The increased activation in the 
bilateral pSTG indicates that additional semantic and/or phonological processing occurs for 
primed compared to unprimed complex verbs (see above). One could hypothesize, first, that 
priming of the stem can also lead to increased competition between the representation of 
the stem and the representation of the complex verb, and/or additional comparison 
processes between these representations. It is unclear, though, why this would not also lead 
to repetition enhancement effects in (subregions of) the LIFG, as the latter is supposed to 
control such processing. 
 Alternatively, the repetition enhancement effect in the pSTG may be related to learning. 
Repetition enhancement rather than repetition suppression effects have been found to 
occur with unfamiliar stimuli (Segaert, Weber, de Lange, Petersson, & Hagoort, 2013). The 
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repetition of unfamiliar stimuli may lead to the creation of new representations, which 
involves increased activation. In contrast, familiar stimuli already have stable representa-
tions, so that no increased activation is necessary to build their representations. The stimuli 
used in the current experiment were moderately frequent (approximately 13 per million). 
Thus, they would be familiar enough for L1 speakers, but probably relatively unfamiliar for 
L2 speakers, as also reflected by their relatively high error percentage. As shown in the 
whole-brain analyses, the repetition enhancement effects in our analysis over both groups 
seem to be primarily driven by the L2 speakers’ results. In fact, the only significant interaction 
between Language and Priming is due to repetition enhancement effects in the bilateral 
posterior insula in L2 speakers and not L1 speakers. Activation in this area has been related 
to (bilingual) language learning (Ardila, Bernal, & Rosselli, 2014). The presence of repetition 
enhancement effects in the right hippocampal and parahippocampal regions also seems to 
support the learning account, as activation in these areas may indicate that memory 
encoding is taking place (e.g., Stark & Okado, 2003). 
 The studies on morphological processing discussed so far have all found evidence for 
decomposition of transparent derivations by revealing the involvement of the LIFG 
(sometimes combined with the pSTS/STG) in their processing. In contrast, in some 
(non-priming) fMRI studies on L1 speakers, either no evidence for decomposition or 
evidence for holistic processing of transparent derived words was found. Davis et al. (2004) 
found no significant differences between transparent derived or inflected words versus 
simple words. Bozic et al. (2013) reported increased activation in bilateral frontotemporal 
regions for opaque derivations (e.g., archer, breadth) and transparent unproductive 
derivations (e.g., warmth) compared to simple words (but not for transparent productive 
derivations (e.g., bravely) compared to simple words). This bilateral activation pattern 
(including LIFG and RIFG) was interpreted to reflect more general perceptual and semantic 
processes supporting language comprehension. Since no specific left-lateralized system 
was engaged, (transparent and opaque) derived words were supposed to be processed 
holistically. In contrast, inflected words were argued to be decomposed (Bozic, Tyler, Ives, 
Randall, & Marslen-Wilson, 2010), because they were processed by such a left-lateralized 
frontotemporal system (including LIFG but not RIFG), supposedly specialized for grammatical 
computations. In the present study, a repetition suppression effect was found in the LIFG 
and no effects were found in the RIFG for derived verbs. According to the account proposed 
by Bozic et al. (2010; 2013), this would be an indication that the transparent derived verbs 
were decomposed. 
 Several explanations can be provided for the discrepancy between our results 
(involvement of LIFG but not RIFG) and Bozic et al.’s (2013) results (involvement of both 
LIFG and RIFG). Firstly, we used a morphological priming paradigm, whereas Bozic et al. 
(2013) used direct comparisons between simple and complex words. Possibly, priming 
increases the probability that derived words are decomposed: Presentation of the stem may 
increase the chance that the morphological structure of subsequently presented derived 
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words is recognized. This explanation is supported by the results of Bozic et al. (2007). In the 
latter fMRI study, a long-lag priming paradigm was used with derived words, and a left- 
lateralized effect was found: a repetition suppression effect in the LIFG and not in the RIFG. 
The idea that priming may lead to increased decomposition is in line with results showing 
that the processing of derived words is influenced by factors affecting the recognition of 
their morphological structure. For example, derived words with longer suffixes tend to be 
decomposed rather than being processed holistically (Kuperman, Bertram, & Baayen, 2010).
Another factor which may influence the processing of derived words is the choice of task. 
Like Bozic et al. (2007), Meinzer et al. (2009), and Pliatsikas, Wheeldon et al. (2014), we used 
a linguistic task (lexical decision), whereas Bozic et al. (2013) used a non-linguistic task 
(detection of silent gaps within auditory stimuli). Possibly, the lexical decision task directs 
attention more to the morphological structure of derived words than gap detection does.
 So far, we have only discussed the analyses over both groups. These revealed a pattern 
of repetition suppression and repetition enhancement effects in LIFG and pSTS/STG. In 
contrast, the analyses over L1 speakers only did not show any significant effects. It is 
difficult to draw any conclusions from this, however, as no significant Language by Priming 
interactions were found in the left frontotemporal regions which are normally associated 
with morphological processing (LIFG and left posterior temporal cortex). Thus, no evidence 
was found of a difference between L1 and L2 speakers in terms of derivation processing. 
Also, the Bayesian analysis of the L1 ROI data only revealed weak evidence in favor of the 
null hypothesis of no priming in L1 speakers. Finally, in the pSTS, a cluster was found just 
below significance for L1 speakers, which did reach significance in the analysis over both 
groups. As mentioned above, the pSTS has also been associated with morphological 
processing. One possible explanation for the absence of a clear priming effect in L1 speakers 
may be related to the familiarity of our stimuli. As mentioned before, unfamiliar stimuli 
often elicit repetition enhancement effects, whereas familiar stimuli generally elicit 
repetition suppression effects. For the L1 speakers, our stimuli were moderately familiar, i.e., 
they may have been too familiar to elicit repetition enhancement effects, but not familiar 
enough to elicit clear repetition suppression effects. However, stimulus familiarity cannot 
account for the whole pattern of results, as L2 participants, for whom the stimuli were 
relatively unfamiliar, displayed both repetition enhancement and repetition suppression 
effects. 
 In contrast with L1 speakers, L2 participants did display clear priming effects in the 
LIFG. This suggests that L2 speakers do decompose transparent derived verbs, rather than 
relying on holistic processing. This confirms some of the previous results on morphological 
processing in L2 speakers (Bick et al., 2010; Diependaele et al., 2011; Pliatsikas, Johnstone, 
et al., 2014), but contrasts with other studies (Clahsen & Neubauer, 2010; Silva & Clahsen, 
2008). As mentioned in the Introduction, however, none of these studies used an unmasked 
priming paradigm, which may explain the differences found with this study. (For a further 
discussion of whole-brain analysis results, see Appendix 3E).
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 Besides the significant repetition suppression effect in the LIFG, L2 speakers also 
displayed a significant behavioral effect: More errors were made to unprimed than to 
primed complex verbs. However, the regression analysis we conducted showed that there is 
no indication that the neural priming effect found for L2 speakers is due to the increased 
difficulty of unprimed compared to primed complex verbs.
 A limitation of the present study is that, due to the high degree of relatedness between 
Dutch and German, we could not use non-cognate verbs as stimuli (see Materials section). 
Therefore, our conclusions only pertain to the processing of cognate derivations by L2 
speakers. Cognates have a special status in bilingual language processing, as they are not 
only similar in meaning in two languages, but also similar in form. The so-called ‘cognate 
facilitation effect’ (e.g., Dijkstra et al., 2010) has shown that there might be transfer from L1 
to L2 through cognates, at least in simple word recognition. It is not clear whether this 
special status also holds for morphological processing, and it remains to be investigated 
whether the same results are obtained for non-cognate as for cognate derived verbs. For 
this, a different language pair should be used, for example French L2 speakers of Dutch, so 
that enough non-cognate stimuli can be selected. Also, since our stimuli contained more 
particle (separable) verbs than prefixed (non-separable) verbs, the results we obtained may 
primarily have been driven by the particle verbs. However, as mentioned before, studies 
comparing the processing of particle and prefixed verbs have found no differences between 
the two types (Lüttmann et al., 2011; Schriefers et al., 1991). Therefore, we have no reason 
to assume that results would have been different if only prefixed verbs had been included.
 To conclude, the central result of the present study is that L2 speakers of Dutch (with 
German as their L1) show a repetition suppression effect in the LIFG when processing 
semantically transparent derived Dutch verbs primed by their stems. In the context of other 
studies on the processing of morphologically complex words in L1 speakers, this indicates that 
German L2 speakers of Dutch decompose such morphologically complex verbs. In the 
whole-brain analysis over both L1 and L2 speakers of Dutch, the involvement of the LIFG was 
supplemented by a repetition suppression effect in the pSTS. This suggests that the 
(phonological) representations of the stems of the derivations are accessed after morphological 
decomposition, with the LIFG possibly controlling access to these stem representations. 
Additionally, L2 speakers of Dutch showed repetition enhancement effects in the bilateral 
superior temporal gyrus and insula and in the right parahippocampal gyrus. These may be 
related to L2 language learning, as the presentation of relatively unfamiliar stimuli may lead to 
the creation of new representations. Future research should address the question whether, 
first, the sensitivity of L2 speakers to morphological structure is restricted to morphologically 
complex words of the type investigated in this study, i.e., prefix verbs, or also generalizes to 
other types of morphologically complex words, such as suffixed nouns; and second, whether 
this morphological sensitivity of L2 speakers is restricted to languages with a similarly rich 
morphological system, such as Dutch and German (Basnight-Brown et al., 2007; Portin et al., 
2008), or also generalizes to other language pairs (Pliatsikas, Johnstone et al., 2014).
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Type of Morphological Priming  
and Motor-Relatedness Influence  
How Derivations Are Processed
This chapter is currently under revision:
De Grauwe, S., Lemhöfer, K., & Schriefers, H. (under revision). Type of morphological priming 
and motor-relatedness influence how derivations are processed.
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Abstract
There is no consensus on whether derived words are decomposed or processed holistically, 
and whether this depends on their semantic transparency. To find out why previous (mostly 
priming) results are equivocal in this respect, we investigated three potentially relevant 
factors: the type of morphological priming, the direction of priming, and motor-relatedness 
of the derivations’ stem. In three overt visual priming experiments, participants made lexical 
decisions to Dutch derived particle verbs. Half of these verbs contained a stem with a 
motor-related meaning, the other half did not. In each condition, half of the verbs were 
semantically transparent, the other half were opaque. In Experiments 1 and 2, we used 
‘pure’ morphological priming, i.e., priming between a complex word and its stem. The 
direction of priming (stem – complex word or vice versa) was varied between Experiments 
1 and 2. In Experiment 3, we used ‘morpho-semantic priming’, i.e., priming between a 
complex word and a word semantically related to its stem. The first two experiments 
showed overall facilitatory morphological priming effects in either direction of priming and 
independent of transparency or motor-relatedness. With morpho-semantic priming 
(Experiment 3), however, only transparent motor-related particle verbs were primed by 
words semantically related to their stem. The results suggest that the way derivations are 
processed is influenced by priming type: Pure morphological priming may induce a bias 
towards a decompositional processing strategy, possibly by directing attention to the 
morphological structure of the stimuli. The role of motor-relatedness is discussed in the 
context of embodied cognition theory.
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Introduction
After decades of research into the processing of derivations, the question whether derived 
words are decomposed into their constituent parts or processed holistically still remains 
unresolved. Derivations are words such as rewrite, in which a stem (e.g., write) is combined 
with an affix (e.g., re-) to form a new, morphologically complex word. The processing of 
derivations has often been investigated in behavioral priming studies. In such studies, a 
target (e.g., a morphologically complex word such as rewrite) is preceded by a related prime 
(e.g., a morphologically simple word such as write) or an unrelated prime (e.g., drink). The 
underlying idea is that, if derivations are decomposed during processing, priming of a target 
by its stem should facilitate recognition, for example through a reduction in lexical decision 
times: The previous encounter with the stem should speed up recognition of the stem in the 
decomposed derivation. If the complex word is not decomposed, but processed holistically, 
priming by its stem should not facilitate its recognition. Since purely form-related 
prime-target pairs are usually associated with either significant inhibition or no significant 
priming, any facilitation effects found for morphologically related prime-target pairs are 
not supposed to be due to their overlap in form (e.g., Marslen-Wilson et al., 1994; Smolka 
et al., 2009; Smolka et al., 2014; Zwitserlood, 1994).
 In overt priming studies, i.e., priming studies in which the prime is presented long 
enough to be consciously perceived, semantic transparency is often found to influence 
whether or not derivations show priming effects (e.g., Marslen-Wilson et al., 1994). 
Semantically transparent derivations such as rewrite (in which the meaning of the derivation 
can be deduced from the meaning of its parts, re- and write) are usually found to be primed, 
suggesting they are decomposed. In contrast, semantically opaque derivations such as 
understand (in which the meaning of the derivation cannot be deduced from its parts, 
under- and stand) often do not show a priming effect. However, several recent studies have 
found morphological priming effects for semantically opaque derivations, suggesting that 
they may be decomposed as well (e.g., Smolka et al., 2009; Smolka et al., 2014). This 
discrepancy with respect to earlier findings was explained by referring to differences 
between the languages used in the respective studies: Most of the earlier studies in which 
no priming effects were found for opaque derivations used English, whereas Smolka and 
colleagues used German. German, compared with English, has a richer morphological 
system, i.e., both inflection and word-formation processes such as derivation and 
compounding are more productive in German (Dressler, 2005; Duncan, Casalis, & Colé, 
2009; Haman, Zevenbergen, Andrus, & Chmielewska, 2009; Hickmann, Hendriks, Roland, & 
Liang, 1996). The morphological richness of German may enhance the use of decomposition 
as a default strategy, leading to decomposition even of opaque derivations. However, this 
may not be the whole story, as evidenced by some studies on German or Dutch (which has 
a comparably elaborate derivational system as German). These studies, some of which used 
functional magnetic resonance imaging (fMRI) and no priming, have found no evidence for 
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decomposition of opaque derivations (German: Rüschemeyer et al., 2007; Dutch: De 
Grauwe, Willems, Rueschemeyer, Lemhöfer, & Schriefers, 2014; Zwitserlood et al., 2005). 
Conversely, an fMRI/priming study on English has found some evidence for decomposition 
of opaque derivations (Bozic et al., 2007).
 Thus, differences in the morphological richness of the languages tested alone cannot 
provide a full explanation of the observed inconsistencies between studies concerning the 
role of semantic transparency. Rather, these inconsistencies might be caused by other 
factors like the type of derived words used in these studies and the precise priming method 
used. In the current study, we investigate which impact some of these differences have on 
the obtained priming effects, and whether they may therefore have been responsible for 
the varying results of previous studies. We concentrate on two factors related to the 
priming paradigm: type of morphological priming and direction of priming, and one stimu-
lus-related factor: motor-relatedness of the verb stem. Below, these factors are elaborated. 
Priming Paradigm
Type of morphological priming
In the studies mentioned above, two types of morphological priming were used. The first 
one, ‘pure’ morphological priming, is the most common one. In this paradigm, a complex 
word (e.g., understand) is primed by its stem (e.g., stand), or vice versa (English: Feldman & 
Soltano, 1999; Feldman et al., 2004; Gonnerman et al., 2007; Marslen-Wilson et al., 1994; 
Rastle et al., 2000; French: Longtin, Segui, & Hallé, 2003). The second priming type, which 
we will call ‘morpho-semantic priming’, has been used in some studies on the processing of 
derivations and compounds (Dutch: Sandra, 1990; Zwitserlood, 1994; Zwitserlood et al., 
2005). In this paradigm, the prime (e.g., sit) is semantically related to the stem or one of the 
constituents of the complex word target (e.g., stand in understand), or vice versa. Both 
types of studies found evidence for priming for semantically transparent derivations and no 
priming for semantically opaque derivations. 
 However, as mentioned above, some of the studies using the pure morphological priming 
paradigm have found evidence for priming of opaque derivations in German (German: 
Lüttmann et al., 2011; Smolka et al., 2009; Smolka et al., 2014; see also Smolka et al., 2015, 
for electrophysiological evidence confirming these behavioral results). Thus, for transparent 
derivations, a priming effect has been obtained with both types of priming (pure 
morphological and morpho-semantic priming). However, for opaque derivations, the two 
types of priming show a different pattern. With pure morphological priming, some studies 
have found no priming effects for opaque derivations, whereas other studies did find such 
effects, possibly depending on the language used (see above). In contrast, morpho-semantic 
priming has consistently resulted in no priming for opaque complex words (Sandra, 1990; 
Zwitserlood, 1994; Zwitserlood et al., 2005). The language used in these studies was Dutch, 
which, as mentioned above, has a comparably rich derivational system as German. Thus, if 
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the type of language (morphologically rich vs. poor) determined how opaque derivations 
are processed, we would expect priming effects for Dutch opaque derivations in Zwitserlood 
et al.’s (2005) study. Since no priming was found with the morpho-semantic priming 
paradigm, there may be another factor influencing how opaque derivations are processed, 
namely, the type of priming (pure morphological vs. morpho-semantic priming).
 The only study in which the two types of priming have been compared directly 
(Zwitserlood, 1994) suggests that this may be the case, at least for compounds. In this 
study, compounds of various degrees of transparency were presented for lexical decision in 
two visual priming experiments, one using the pure morphological priming paradigm, the 
other using the morpho-semantic priming paradigm. The pure morphological priming 
experiment showed a significant priming effect for truly opaque compounds (i.e., 
compounds semantically unrelated to either their first or their second constituent). In 
contrast, no priming effect was found when these compounds were used as primes for 
semantic associates of their constituents as targets (i.e., in morpho-semantic priming). 
However, it is difficult to draw clear conclusions from these results for the current study. 
First, only a small number of truly opaque compounds was tested, leading to an unbalanced 
design in terms of number of items: Each participant saw 1 to 2 (Exp. 1) or 4 (Exp. 2) truly 
opaque compounds versus 7 (Exp. 1) or 11 (Exp. 2) truly transparent compounds. Also, it is 
unclear whether the stimulus characteristics were matched across these two conditions. As 
a result, truly transparent and opaque compounds could not be compared directly in the 
analyses. Second, the stimulus sets used in the two experiments were overlapping but not 
entirely the same. Finally, compounds may not be processed in the same way as derived 
verbs. The current study is the first to systematically contrast the two types of morphological 
priming, using the same stimulus set (transparent and opaque derived verbs) in a balanced 
design.
Direction of priming
A second aspect related to the priming paradigm is the direction of priming. Most pure 
morphological priming studies presented the complex word as the prime (e.g., Andrews & 
Lo, 2013; Feldman & Soltano, 1999; Feldman et al., 2004; Gonnerman et al., 2007; Longtin 
et al., 2003; Lüttmann et al., 2011; Marslen-Wilson et al., 1994; Marslen-Wilson & Zhou, 
1999; Rastle et al., 2000; Raveh, 2002; Smolka et al., 2009; Smolka et al., 2014), whereas a 
few studies presented it as the target (Libben, Gibson, Yoon, & Sandra, 2003; Marslen-Wilson 
et al., 1994; Marslen-Wilson & Zhou, 1999; Schirmeier, Derwing, & Libben, 2004). In morpho- 
semantic priming, the picture is less clear: Two studies used the stem as a prime and the 
complex word as a target (Sandra, 1990; Zwitserlood et al., 2005), and one study used the 
reverse order (Zwitserlood, 1994). In theory, using the stem as a prime could increase the 
priming effect: It could direct attention towards the stem of the complex target because it 
was encountered shortly before as a prime. In contrast, Kirkici and Clahsen (2013) have 
suggested that the stem – complex word order could lead to reduced priming (rather than 
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increased priming) compared to the complex word – stem order: A complex target is only 
partly primed (as only its stem is primed), whereas a simple target is primed fully by the 
preceding complex prime. The few studies in which both directions were compared found 
no differences between them (Marslen-Wilson et al., 1994; Marslen-Wilson & Zhou, 1999). 
However, only one of the studies compared the two priming directions using the same 
stimuli (Marslen-Wilson et al., 1994). In addition, both studies used English as the 
experimental language. Using Dutch as the experimental language could lead to different 
results because of its increased morphological richness, potentially leading to an increased 
focus on morphological structure. In the current study, we investigated whether direction 
of priming influences priming effects in Dutch by systematically contrasting the two 
directions using the same stimuli in two experiments.
Motor-Relatedness
Another factor that may be important in the processing of derivations is motor-relatedness, 
i.e., the degree to which a word refers to a movement performed with specific muscles. This 
variable has been used in many fMRI studies investigating the involvement of the motor 
cortex in the processing of motor-related words (e.g., De Grauwe et al., 2014; Hauk et al., 
2004; Raposo et al., 2009; Rüschemeyer et al., 2007). Results of many of these studies 
provide support for embodied cognition theory (Barsalou, 2008). According to this theory, 
language is grounded in bodily action and perception: Accessing the meaning of a word 
involves simulation of the actions and/or sensory experiences referred to by the word in the 
corresponding neural motor and sensory systems. In line with this theory, several other 
sensory- and/or motor-related variables (all of which are measured through ratings) have 
been found to play a role in word recognition: ‘body-object interaction’ (BOI), i.e., the ease 
with which the human body can physically interact with a noun’s referent (Bennett et al., 
2011; Siakaluk, Pexman, Aguilera, et al., 2008; Siakaluk, Pexman, Sears, et al., 2008), ‘relative 
embodiment’, i.e., the degree to which the meaning of a verb involves the human body, 
including actions, passive movements and internal sensorimotor states (Sidhu et al., 2014), 
and ‘sensory experience rating’ (SER) or ‘maximum perceptual strength’, two slightly 
differing variables indexing the degree to which a word evokes sensory or perceptual 
experiences (for details on the SER, see Bonin, Méot, Ferrand, & Bugaïska, 2014; Juhasz & 
Yap, 2013; Juhasz, Yap, Dicke, Taylor, & Gullick, 2011; for details on maximum perceptual 
strength, see Connell & Lynott, 2012). Words with a higher degree of BOI, relative 
embodiment, SER, or maximum perceptual strength were found to elicit faster lexical 
decision times, even when the influence of other word recognition variables, including 
semantic variables such as concreteness and/or imageability, was controlled for. This 
facilitation was explained by referring to embodied cognition theory: Words associated 
with a higher degree of sensory- and/or motor-related content may be easier to simulate 
and/or evoke more semantic activation than words whose meaning is less grounded in 
sensory or bodily experience.
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 Recently, the effects of the SER and BOI variables have also been used to investigate 
whether compounds are morphologically decomposed or not (Kuperman, 2013). Lexical 
decision times to compounds (whose semantic transparency was not taken into account) 
were found to be influenced by the degrees of SER and BOI of the compounds as a whole, 
but not by the degrees of SER and BOI of their constituents. This was interpreted as evidence 
that compounds are not decomposed (see also De Grauwe et al., 2014, and Rüschemeyer et 
al., 2007, for two fMRI studies with a similar logic).
 All the behavioral studies mentioned above have looked at the relation between 
sensory- or motor-related variables and lexical decision times in a non-priming context. It 
is not clear yet what the effect of these variables on lexical decision times would be in a 
priming context. If a higher degree of motor-relatedness leads to faster lexical-semantic 
access due to, for example, greater ease of simulation of motor-related content, then 
motor-related constituents of morphologically complex words may be accessed faster, i.e., 
these complex words may be decomposed more easily than complex words with non-motor 
constituents. Thus, they possibly show an increased priming effect compared to complex 
words with non-motor-related constituents. This is an aspect that, to our knowledge, has 
not yet been addressed in studies on morphological priming. 
This Study
In the present study, our first aim was to find out whether or not Dutch semantically 
transparent and opaque derived verbs show a difference in priming effects, an issue that 
has so far not been resolved in the literature. Second, we investigated whether different 
priming types, i.e., pure morphological versus morpho-semantic priming, as well as different 
directions of morphological priming, i.e., simple prime – complex target vs. complex prime 
– simple target, give rise to the same results. In the literature on derivation processing, the 
different types of priming are sometimes referred to as if they were equivalent (Amenta & 
Crepaldi, 2012; Taft, 2003), but they have, in some cases, led to conflicting results (see, e.g., 
Zwitserlood et al., 1994), and a systematic investigation of differences between these 
methods is lacking. Finally, we investigated whether motor-relatedness modulates the 
priming effect, for example by leading to increased facilitation for derived verbs containing 
motor-related stems.
 To address these questions, we conducted a series of priming experiments with native 
speakers of Dutch: two experiments using the pure morphological priming paradigm 
(Experiments 1 and 2) and one experiment using the morpho-semantic priming paradigm 
(Experiment 3). In Experiment 1, the stem served as a prime and the derived verb served as 
a target, while the reverse was true for Experiment 2. In all experiments, the derived words 
were Dutch particle verbs, i.e., verbs with a separable prefix, such as opschrijven (‘to write 
down’). Particles can be separated from particle verb stems in certain circumstances, such 
as in main clauses, e.g., Zij schrijft het op (‘She writes it down’). In each experiment, half of 
the derived verbs were semantically transparent (e.g., opschrijven ‘to write down’ with stem 
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schrijven ‘to write’), the other half were semantically opaque (e.g., toekennen ‘to award’ 
with stem kennen ‘to know’). In each group, half of the derived verbs contained a 
motor-related stem, whereas the other half contained a non-motor-related stem. Thus, a 
2 (Transparency: Transparent vs. Opaque) by 2 (Motor-Relatedness: Motor vs. Non-Motor) 
design was used in each experiment.
EXPERIMENT 1: PURE MORPHOLOGICAL PRIMING, COMPLEX TARGETS
Method
Participants
Thirty Dutch native speakers participated. After exclusion (see below), 28 participants (21 
female, 7 male) remained. Their mean age was 23.2 years (SD: 3.9; range: 18-32). They were 
all born in the Netherlands, had Dutch as their mother tongue, were raised monolingually, 
and reported having no reading or hearing disorders. They all signed a written consent form 
in accordance with the Declaration of Helsinki.
Materials
Targets
For this experiment, 88 Dutch derived verbs were chosen as targets. Each verb consisted of 
a stem (e.g., schrijven ‘to write’) preceded by a particle (e.g., op ‘up, on’), yielding a so-called 
particle verb (e.g., opschrijven ‘to write down’). Half of the particle verbs (44) contained a 
stem with a motor-related meaning (e.g., schrijven ‘to write’ in opschrijven ‘to write down’), 
the other half (44) contained a stem whose meaning was not motor-related (e.g., kennen ‘to 
know’ in toekennen ‘to award’). In each of these two sets, half of the complex verbs (22) 
were semantically transparent, while the other half (22) were opaque (e.g., toekennen). 
 The selection of these verbs was based on ratings obtained in two web-based studies: 
(a) a familiarity and transparency rating study, and (b) a motor-relatedness rating study. 
Participants in these studies did not participate in the main experiment or in any of the 
other rating studies. In the first study, 21 Dutch participants rated 192 complex verbs in 
terms of their familiarity and their transparency (i.e., how strongly related the meaning of 
the complex verb was to that of its stem) on scales from 1 (‘never seen, heard or used’/ ’not 
related at all’) to 5 (‘seen, heard or used very often’/‘strongly related’). In the motor- 
relatedness study, 20 Dutch participants rated 159 stems of complex verbs, indicating to 
which degree each verb referred to a movement they could perform themselves using 
specific muscles, for example arm, leg or facial muscles (on a scale from 1 ‘no specific 
muscles necessary’ to 5 ‘specific muscles necessary’). Secondly, they were asked to indicate 
which specific muscles could be used to perform the movement indicated by the verb (if 
any). On the basis of the results of the rating studies, the 88 target verbs for the present 
study were selected. The characteristics of these target verbs are reported in Table 4.1.
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 As confirmed by ANOVAs, motor and non-motor conditions differed significantly in 
terms of Motor-Relatedness (F(1,84) = 657.26, p < .0001), but were matched in terms of 
Transparency and Familiarity (ps > .28). Transparent and opaque conditions differed 
significantly in terms of Transparency (F(1,84) = 764.93, p < 0.0001), but were matched in 
terms of Motor-Relatedness (F < 1). Although all conditions contained highly familiar 
particle verbs, it could not be avoided that opaque verbs were slightly but significantly less 
familiar than transparent verbs (F(1,84) = 17.80, p < .001). Finally, all conditions were 
matched in terms of particle verb and stem length (number of letters; Fs < 1), particle verb 
and stem frequency8 (ln of Celex lemma frequency: ps > .22; see Baayen et al., 1995), and 
morphological family size (ln of Celex morphological family size: Fs < 1). 
Primes
For each particle verb, a morphologically related and an unrelated prime were selected. 
Related primes were the stems of the complex verb targets (e.g., schrijven ‘to write’ with 
target opschrijven ‘to write down’; kennen ‘to know’ with target toekennen ‘to award’), 
whereas unrelated primes were simple verbs unrelated to the complex verbs or their stem 
(e.g., rijden ‘to drive, ride’ with target opschrijven ‘to write down’). Related and unrelated 
primes were matched across all four target conditions in terms of frequency (ln of Celex 
lemma frequency: ps > .36) and length (number of letters: ps > .41). Prime characteristics 
are reported in Table 4.2.
 Combining the four target categories (resulting from crossing the factors of 
Transparency and Motor-Relatedness) with the two prime categories (related and unrelated) 
yields the 2 x 2 x 2 design presented in Table 4.3. This table also contains examples of the 
stimuli (see Appendix 4A for a list of all experimental stimuli). 
Fillers
To distract participants’ attention from the complex verbs, 88 simple verbs were selected as 
filler targets. Half of these (44) were combined with morphologically related filler noun or 
verb primes (e.g., danser ‘dancer’ with target dansen ‘to dance’), the other half (44) with 
unrelated filler primes (e.g., bakker ‘baker’ with target volgen ‘to follow’). Thus, related 
primes were not only present with the (complex) experimental targets, but also with the 
(simple) filler targets. 
Pseudo-words
To obtain an equal number of word and pseudo-word targets, 176 phonotactically legal 
pseudo-words were created by changing one or more letters from existing Dutch words. 
The pseudo-words all ended in ‘-en’, the Dutch infinitival suffix. Half of them (88) were 
8 Particle verb frequency should be treated with caution, as the Celex frequency counts of particle verbs 
are only based on the frequency of these verbs when used as a whole, not including their frequency when 
separated from their particles. However, no better count is available.
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complex, in that they consisted of an existing particle and a non-existing stem. The same 
particles were used as for the experimental targets, in the same proportions. The other half 
(88) were simple pseudo-words. 
 For these pseudo-word targets, 176 unrelated noun and verb primes were selected. 
Noun and verb primes were chosen in the same proportion for each category of pseudo-word 
targets (simple and complex) as for word targets. 
 All real words used in this experiment were presented in their citation form.
Lists
Two lists were constructed, each containing 88 experimental prime/target pairs, 88 filler 
prime/target pairs and 176 prime/pseudo-word target pairs. The lists were set up such that 
Table 4.2   Experiment 1: Prime Characteristics 
Related Primes Unrelated Primes
Length Frequency Length Frequency 
Motor Transparent 6.27 (.98) 8.21 (1.23) 6.32 (1.17) 8.27 (1.30)
Motor Opaque 6.23 (1.07) 8.46 (1.81) 6.32 (1.04) 8.39 (1.45)
Non-Motor Transparent 6.41 (1.01) 8.55 (1.34) 6.41 (1.01) 8.32 (1.48)
Non-Motor Opaque 6.14 (.77) 8.20 (2.00) 6.36 (1.00) 8.06 (1.48)
Notes. Means of characteristics shown (standard deviations in parentheses). Length: in letters. Frequency: 
ln-transformed Celex frequency counts.
Table 4.3   Experiment 1: Design and Examples of Stimuli
Target Related Prime Unrelated Prime
Motor Transparent opschrijven
(to write down)
schrijven
(to write)
rijden
(to drive, ride)
Opaque uitvreten
(to be up to)
vreten
(to devour)
smeken
(to beg)
Non-Motor Transparent nadenken
(to reflect, consider)
denken
(to think)
houden
(to hold)
Opaque toekennen
(to award)
kennen
(to know)
ademen
(to breathe)
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all 176 experimental prime/target pairs were counterbalanced over the two lists but 
participants saw each prime and target only once. Thus, each list contained 352 prime/
target pairs, 88 of which (25 %) involved a related prime and target. Each of the two lists 
was pseudo-randomized in two different orders such that no prime or target type was 
presented on more than three consecutive trials, resulting in four different lists. An equal 
number of participants was assigned to each list.
Procedure
Participants were told (first orally, then through written instructions) that, in each trial, two 
letter strings would appear on the screen in close succession. They were to read the letter 
strings and indicate whether the second word in each trial (the target) was a real Dutch 
word or not. They were asked not to react to the first word (the prime). If the target was an 
existing Dutch word, participants were to press a button with the index finger of their 
dominant hand; if not, the other hand should be used. Participants were asked to respond 
as quickly and accurately as possible. 
 The stimuli were presented in 24-point, black, lower-case letters in Arial font against a 
light-grey background using Presentation software (developed by Neurobehavioral Systems, 
www.neurobs.com) on a personal computer. Participants were seated approximately 60 cm 
from the computer monitor.
 Each trial began with a fixation cross displayed at the center of the screen for 500 ms. 
Then a blank screen was presented for 100 ms, followed by the prime, which remained at 
the center of the screen for 300 ms. A blank screen appeared for 100 ms, after which the 
target was presented just below the center of the screen for 500 ms (or until the participant’s 
response, if it was given within these 500 ms). If the participant did not respond within 
these 500 ms, a blank screen appeared. Upon participant response or at 3000 ms after 
target onset, another blank screen was presented for 1000 ms before the next trial started. 
Before the experiment, participants were familiarized with the task by completing a practice 
block of 20 prime-target pairs not used in the experiment, with similar proportions of the 
different prime and target types as in the experimental stimulus list. After this block, they 
could ask questions if necessary. The actual experiment consisted of eight blocks of 44 
prime/target pairs. Each block started with three filler and/or pseudo-word stimuli. In between 
blocks, participants were allowed to take a break. The experiment lasted approximately 
30 minutes.
Additional tests
After the main experiment, two spelling tests and one vocabulary test were administered. 
These allowed us to assess the potential influence of individual differences in spelling and 
vocabulary proficiency on the results of the main experiment. Such an influence was found 
by Andrews and Lo (2013). In their study, participants with a ‘semantic profile’ (relatively 
higher vocabulary than spelling proficiency) showed increased priming for transparent 
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compared to opaque derivations. In contrast, participants with an ‘orthographic profile’ 
(higher spelling than vocabulary proficiency) showed similar priming effects for both types 
of derivations. 
 The first test we used was a spelling recognition test. Ninety Dutch words were presented 
visually, half of which were spelled correctly, and half of which were spelled incorrectly. 
Correct and incorrect words were pseudo-randomized such that no more than three words of 
each condition appeared consecutively. Participants were to indicate for each word whether 
it was spelled correctly or not by pressing the corresponding button on a button box. 
 The second spelling test was a dictation containing 27 Dutch words. The words were 
spoken by a young female native speaker of Dutch. Participants wore headphones, and were 
instructed to type each word they heard. They could repeat each stimulus up to four times 
by pressing the appropriate button.
 The vocabulary test contained 60 words. The stimuli were ordered in terms of frequency, 
starting with the most frequent stimulus word and ending with the least frequent word. 
Each word was shown together with an example sentence containing the word. In addition, 
each word was presented with four possible descriptions of the meaning of the word, one 
of which was correct. Participants were asked to indicate for each of the words shown 
which description conveyed the meaning of the word best by pressing the corresponding 
button on a button box. If they did not know the word, they could indicate this by pressing 
a fifth button.
 The two spelling tests were based on a test created by Langereis and Elshout (n.d.). The 
vocabulary test was created by Andringa, Olsthoorn, Van Beuningen, Schoonen, and Hulstijn 
(2012). The three tests were run using Presentation software. Font and screen characteris-
tics were the same as in the main experiment. Participants were asked to respond as 
accurately as possible without time restriction. Together, the three tests took approximately 
30 minutes.
Results and Discussion
Two participants were excluded because their percentage of errors to words and/or 
pseudo-words in the main experiment was more than three standard deviations above the 
mean. All experimental items were included, as none had error percentages more than three 
standard deviations above the mean. In the reaction time (RT) analyses, incorrectly answered 
trials were excluded (3.1 %), as were trials for which the RT was more than two standard 
deviations away from both a given item’s mean and a given participant’s mean for experimental 
targets (1.3 %). 
 Mean RTs to words and to pseudo-words were 556 ms (SD 88 ms) and 622 ms (SD 95 
ms), respectively. Mean error percentages to words and to pseudo-words were 3.88 % (SD 
2.17 %) and 3.25 % (SD 2.82 %), respectively.
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 Repeated-measures analyses of variance (ANOVAs) were conducted on the RTs and 
error percentages for target words (see Table 4.4 for mean RTs and error percentages), with 
Transparency (Transparent vs. Opaque) and Motor-Relatedness (Motor vs. Non-Motor) as 
within-participants and between-items factors, and Prime Relatedness (Related vs. 
Unrelated) as within-participants and within-items factor. Main effects of Prime Relatedness 
revealed that particle verbs were responded to faster and with fewer errors when they were 
preceded by related primes than when they were preceded by unrelated primes (RTs: F
1(1,27) 
= 91.19, p < .0001; F2(1,84) = 99.96, p < .0001; errors: F1 (1,27) = 5.03, p < .05; F2 (1,84) = 
7.19, p < .01). Main effects of Transparency indicated that transparent particle verbs (551 ms, 
1.95 % errors) were responded to faster and with fewer errors than opaque particle verbs 
(563 ms, 4.22 % errors), although this effect did not reach significance in the RT analysis by 
items (RTs: F1 (1,27) = 6.62, p < .05; F2 (1,84) = 3.37, p = .07; errors: F1 (1,27) = 8.79, p < .01; 
F2 (1,84) = 6.08, p < .05). None of the other effects or interactions reached significance 
(Fs < 1.39, ps > .25). 
 To find out whether individual differences in spelling and vocabulary skills affected the 
results (cf. Andrews & Lo, 2013), we ran multiple linear regression analyses using the results 
of the spelling and vocabulary tests as predictors. For this, the number of words was 
counted that contained at least one spelling error (dictation), whose spelling was judged 
incorrectly (spelling recognition) or whose meaning was judged incorrectly (vocabulary). 
Table 4.4   Experiment 1: Mean Reaction Times and Error Percentages
Related Unrelated Priming
Motor Transparent RT (in ms) 522 (81) 574 (85) 52
Errors (in %) 1.30 (3.24) 2.92 (6.09) 1.62
Opaque RT (in ms) 530 (91) 591 (98) 61
Errors (in %) 3.90 (6.27) 5.19 (6.74) 1.30
Non-Motor Transparent RT (in ms) 523 (96) 584 (95) 61
Errors (in %) .65 (2.38) 2.92 (4.32) 2.27
Opaque RT (in ms) 540 (97) 589 (99) 49
Errors (in %) 2.92 (4.98) 4.87 (7.21) 1.95
Mean RT (in ms) 529 (91) 584 (93) 55
Errors (in %) 2.19 (4.61) 3.98 (6.20) 1.79
Note. Standard deviations in parentheses.
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The raw counts per participant were converted to rates per test per participant. The rates of 
the two spelling tests were averaged for each participant so as to arrive at one global 
spelling measure. A series of models was tested in which the resulting Spelling and 
Vocabulary Rates, Transparency, Motor-Relatedness and the interaction between 
Transparency and Motor-Relatedness were included as independent variables in varying 
combinations (see Appendix 4B). For the dependent variable, mean RTs for the related prime 
condition were subtracted from the mean RTs for the unrelated prime condition for each 
participant. The results showed no evidence of an influence of the spelling or vocabulary 
variables on the priming effect in any of the models (ps > .10). 
 Experiment 1 shows clear priming of complex verb targets by their stems. This priming 
effect was not modulated by the motor-relatedness or transparency of the targets. Thus, 
similar results were obtained as in previous studies with German derivations (Lüttmann et 
al., 2011; Smolka et al., 2009; Smolka et al., 2014), as opposed to studies with English 
derivations (Feldman & Soltano, 1999; Feldman et al., 2004; Gonnerman et al., 2007; 
Marslen-Wilson et al., 1994; Rastle et al., 2000). This indicates that transparent and opaque 
derivations do not differ in terms of pure morphological priming effects in a language with 
a rich derivational system. In addition, we found no evidence for the involvement of motor- 
relatedness in the processing of Dutch derivations, at least in the pure morphological 
priming paradigm. Finally, no evidence was found of an influence of individual differences 
on the priming effect, in contrast with Andrews and Lo’s (2013) findings. In Experiment 2, 
we tested whether these results also hold when we reverse the roles of primes and targets, 
i.e., with simple verbs as targets and complex verbs as primes.
EXPERIMENT 2: PURE MORPHOLOGICAL PRIMING, COMPLEX PRIMES
Method
Participants 
Twenty-nine Dutch native speakers from the same population as in Experiment 1 
participated. After exclusion (see below), 28 participants (26 female, 2 male) remained. Their 
mean age was 20.7 years (SD: 2.2; range: 18-26). None of the participants had participated 
in Experiment 1.
Materials
Targets and primes
In this experiment, the related primes of Experiment 1 were used as targets, and the particle 
verb targets of Experiment 1 were used as morphologically related primes (see Table 4.5 for 
examples, Tables 4.1 and 4.6 for their characteristics, and Appendix 4A for a list of all 
experimental stimuli). Each target was also paired with an unrelated particle verb prime (see 
Table 4.6 for characteristics of unrelated primes). Related and unrelated primes were 
106
Chapter 4
matched across all four target conditions in terms of length (number of letters: ps > .11) and 
frequency (ln of Celex lemma frequency: ps > .60).
Fillers
As in Experiment 1, simple filler verbs were added to distract participants’ attention from 
the complex verbs. Since the role of critical primes and targets was reversed in the current 
experiment, the same was done for the fillers. Eighty-eight simple verbs were therefore 
selected as filler primes and paired with 88 filler targets (44 nouns, 44 verbs). As in 
Experiment 1, half of the pairs were morphologically related (e.g., dekken ‘to cover’ with 
target ontdekken ‘to discover’), half of them were not (e.g., weigeren ‘to refuse’ with target 
bakker ‘baker’). 
Table 4.5   Experiment 2: Design and Examples of Stimuli
Target Related Prime Unrelated Prime
Motor Transparent schrijven
(to write)
opschrijven
(to write down)
wegrijden
(to drive away)
Opaque vreten
(to devour)
uitvreten
(to be up to)
aansmeren
(to palm off)
Non-Motor Transparent denken
(to think)
nadenken
(to reflect, consider)
opheffen
(to raise)
Opaque kennen
(to know)
toekennen
(to award)
ophouden
(to stop)
Table 4.6   Experiment 2: Characteristics of Primes
Related Primes Unrelated Primes
Length Frequency Length Frequency 
Motor Transparent 9.09 (1.41) 5.44 (.93) 9.00 (1.20) 5.32 (1.40)
Motor Opaque 8.95 (1.29) 5.67 (1.35) 8.95 (1.59) 5.55 (1.44)
Non-Motor Transparent 9.05 (1.09) 5.74  (.90) 9.00 (1.15) 5.59 (1.13)
Non-Motor Opaque 8.91 (1.31) 5.38 (1.32) 9.36 (1.36) 5.53 (1.81)
Notes. Means of characteristics shown (standard deviations in parentheses). Length: in letters. Frequency: 
ln-transformed Celex frequency counts. 
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Pseudo-words
Eighty-eight morphologically simple verb primes and 88 particle verb primes were paired 
with 176 unrelated, phonotactically legal pseudo-words. Most of the pseudo-words were 
either the same (44) as the pseudo-words used in Experiment 1 or adapted from them by 
changing a letter and/or an affix (130) in accordance with the following requirements: They 
were verb-like (ending in the infinitival suffix –en) or noun-like (ending in a nominal suffix 
such as –er or having no suffix) and could be morphologically simple (e.g., nalmen, kark) or 
complex (consisting of existing affixes and non-existing stems; e.g., ontstuilen, sponker). 
The same proportion of noun- and verb-like pseudo-words was used as for real words. In 
addition, the same affixes were used as for the word targets, in the same proportions. 
 All real words used in this experiment were presented in their citation form.
Lists
Four lists were created according to the same criteria as those used in Experiment 1.
Procedure
The same procedure was used as in Experiment 1, both for the main experiment and for the 
spelling and vocabulary tests.
Results and Discussion
One participant was excluded because his mean reaction time to words was more than 
three standard deviations above the mean. Three experimental items (opfokken ‘to work up’, 
oprapen ‘to pick up’ and opzwellen ‘to swell up’) were excluded from further analysis 
because their error percentage was more than three standard deviations above the mean. 
In the reaction time analyses, incorrectly answered trials (3.0 %) were excluded, as were 
trials with an RT more than two standard deviations away from both a given item’s mean 
and a given participant’s mean for experimental targets (1.3 %).
 Mean RTs to words and pseudo-words were 528 ms (SD 85 ms) and 612 ms (SD 98 ms), 
respectively. On average, participants made 5.99 % errors to words (SD 3.36 %) and 3.81 % 
errors to pseudo-words (SD 2.95 %).
 For complex words, a similar pattern was found as in Experiment 1 (see Table 4.7 for 
mean RTs and error percentages). Particle verbs were responded to faster and with fewer 
errors when preceded by related primes than when preceded by unrelated primes. The 
repeated- measures ANOVAs with factors Transparency, Motor-Relatedness and Prime 
Relatedness confirmed that both RTs and errors displayed a significant main effect of Prime 
Relatedness (RTs: F
1(1,27) = 171.66, p < .0001; F2(1,81) = 116.63, p < .0001; errors: F1(1,27) = 
17.89, p < .001; F2(1,81) = 20.81, p < .0001). Transparent particle verbs also tended to be 
responded to faster than opaque particle verbs (496 ms and 503 ms, respectively), although 
108
Chapter 4
the main effect of Transparency was only marginally significant in the RT analysis by 
participants and not significant in the RT analysis by items (F1(1,27) = 3.42, p = .075; F2(1,81) 
= 1.39, p > .24). None of the other effects or interactions were significant (Fs < 1.29, ps > .26).
 To find out whether individual differences in spelling or vocabulary abilities influenced 
the priming effect, we analyzed the results for the spelling and vocabulary tests as described 
for Experiment 1. No indication was found that individual differences in these domains 
influenced the priming effect (ps > .13; see Appendix 4C). Even when we combined the data 
of Experiment 1 and 2 and analyzed them as described above, we did not find any evidence 
of an influence of spelling or vocabulary variables on the priming effect (ps > .51; see 
Appendix 4D).
 In this experiment, the roles of complex and simple verbs as primes and targets were 
reversed relative to Experiment 1. The results of Experiment 2 fully replicate the results of 
Experiment 1: The recognition of all (simple) targets was primed to the same degree by a 
complex word containing the prime as its stem, regardless of transparency and motor- 
relatedness. Moreover, the priming effects were of a comparable absolute size as in the 
previous experiment. Thus, no evidence was found of an influence of the direction of 
priming. In addition, as in Experiment 1, no effect was found of spelling or vocabulary 
variables on the results. As shown by the analyses of the combined data of Experiment 1 
and 2, this was not due to an insufficient number of participants. Experiment 3 will show 
whether these results hold when a different priming type is used. Finally, the replication of 
Table 4.7   Experiment 2: Mean Reaction Times and Error Percentages
Related Unrelated Priming
Motor Transparent RT (in ms) 467 (90) 525 (77) 58
Errors (in %) 1.36 (4.36) 4.48 (6.71) 3.12
Opaque RT (in ms) 470 (92) 528 (90) 58
Errors (in %)   .97 (2.86) 4.55 (7.21) 3.57
Non-Motor Transparent RT (in ms) 471 (92) 522 (76) 51
Errors (in %) 1.40 (3.49) 4.42 (7.44) 3.02
Opaque RT (in ms) 476 (82) 538 (81) 62
Errors (in %)   .68 (2.51) 6.40 (9.10) 5.71
Mean RT (in ms) 471 (88) 528 (80) 57
Errors (in %) 1.10 (3.35) 4.96 (7.61) 3.86
Note. Standard deviations in parentheses.
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the overall morphological priming effect, not modulated by semantic transparency or 
motor- relatedness, gives further support to the hypothesis that transparent and opaque 
derivations are similar in terms of pure morphological priming effects in a language with a 
derivationally rich system such as Dutch. In Experiment 3, we will investigate whether 
motor- relatedness and/or semantic transparency influence results when a different priming 
type is used. For this, we proceed with morpho-semantic priming, i.e., particle verb targets 
are preceded by primes that are either semantically related or unrelated to the target verbs’ 
stem.
EXPERIMENT 3: MORPHO-SEMANTIC PRIMING
Method
Participants
Thirty-one Dutch native speakers participated. After exclusion (see below), 28 participants 
(21 female, 7 male) remained. Their mean age was 21.8 years (SD: 3.4; range: 18-30). They 
fulfilled the same criteria as the participants in the previous experiments. None of the 
participants had participated in Experiment 1 or 2.
Materials
Targets and primes
The targets used for this experiment were the same as those used for Experiment 1. Each 
complex verb target was paired with a related and an unrelated prime (see Table 4.8 for 
examples and Appendix 4A for a list of all experimental stimuli). Related primes were simple 
words semantically related to the stem of the complex verbs. This implies that the primes 
were also semantically related to the transparent complex verbs as a whole, but not to the 
opaque complex verbs as a whole (e.g., pen ‘pen’ with transparent target opschrijven ‘to 
write down’; studeren ‘to study’ with opaque target toekennen ‘to award’ (stem kennen ‘to 
know’)). As the example with opschrijven shows, sometimes simple nouns rather than 
simple verbs were selected. This was done to make sure that the related primes were as 
closely related to the targets as possible. The corresponding unrelated primes were simple 
nouns or verbs unrelated to the complex verbs or their stem (e.g., wiel ‘wheel’ with target 
opschrijven ‘to write down’; ademen ‘to breathe’ with target toekennen ‘to award’). 
Relatedness was determined on the basis of a semantic relatedness web-based rating study. 
For this study, a pool of word pairs was used consisting of complex verbs and semantically 
related and unrelated simple words. The complex verbs consisted of the particle verbs 
presented in the previous two experiments, whereas the simple words were selected on the 
basis of the web-based Dutch Word Association Database (De Deyne, 2010) and the 
web-based Dutch synonym dictionary Synoniemen.net (Van Kol, 2006-2014) . Forty-two 
native speakers of Dutch (who did not participate in the main experiment or the other rating 
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studies) were presented with these word pairs, and asked to judge how strongly related 
their meanings were (on a scale of 1 ‘no relation at all’ to 5 ‘very strong relation’). They also 
had to indicate whether they thought the target consisted of different parts. If so, they 
were asked to judge how strongly related the meanings of the prime and the target stem 
were (again on a scale of 1 to 5). 
 On the basis of this pretest, 88 semantically related and 88 semantically unrelated 
primes were chosen (see Table 4.9 for prime characteristics). Compared to the unrelated 
primes, the related primes were judged to be significantly more semantically related to the 
transparent complex targets (ps < .001) and to the target stems (ps < .001). In contrast, no 
significant difference was found between related and unrelated primes in terms of semantic 
relatedness to the opaque complex targets (ps > .10). In addition, related and unrelated 
primes were matched in terms of frequency (ln of Celex lemma frequency: ps > .36), length 
(number of letters: ps > .13) and word class: Each pair of related and unrelated primes 
associated with a specific target was of the same word class, either noun or verb. 
Fillers
As in Experiment 1, 88 simple verbs were selected as filler targets to distract attention from 
the complex verb targets. Half of the filler targets (44) were combined with a semantically 
related filler prime (e.g., naderen ‘to approach’ with target komen ‘to come’), the other half 
(44) with an unrelated filler prime (e.g., bakken ‘to bake’ with target volgen ‘to follow’). The 
same proportion of nouns and verbs was used for filler primes and experimental primes.
Table 4.8   Experiment 3: Design and Examples of Stimuli
Target Related Prime Unrelated Prime
Motor Transparent opschrijven
(to write down)
pen
(pen)
wiel
(wheel)
Opaque uitvreten
(to be up to)
smullen
(to feast on)
wieden
(to weed)
Non-Motor Transparent nadenken
(to reflect, consider)
piekeren
(to brood)
wapperen
(to flap, flutter)
Opaque toekennen
(to award)
studeren
(to study)
ademen
(to breathe)
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Pseudo-words
The pseudo-words used in this experiment were the same as those used in Experiment 1. 
Each pseudo-word target was paired with a morphologically simple noun or verb prime. 
Nouns and verbs were selected in the same proportion as for the filler primes and the 
experimental primes.
Lists
Four lists were created according to the same criteria as those used in Experiment 1 and 2.
Procedure
The same procedure was used as in Experiments 1 and 2, both for the main experiment and 
for the spelling and vocabulary tests.
Results and Discussion
Three participants were excluded from the analyses: Two because their mean error 
percentage or RT to pseudo-words and/or words was more than three standard deviations 
above the mean, and one because she noticed the semantic relationship between the related 
primes and the stems of the opaque particle verbs. One item (opfokken ‘to work up’) was 
excluded from the analyses because its mean error percentage was more than three 
standard deviations above the mean. In the reaction time analyses, incorrectly answered 
trials (3.6 %) were excluded, as were trials with an RT more than two standard deviations 
away from both a given item’s mean and a given participant’s mean for experimental targets 
(1.8 %). 
 Mean RTs to words and pseudo-words were 554 ms (SD 71 ms) and 637 ms (SD 80 ms), 
respectively. Participants made an average of 4.22 % errors to words (SD 3.37 %) and of 
5.11 % errors to pseudo-words (SD 3.59 %).
 In this morpho-semantic priming experiment, a different pattern of RT results to 
complex words emerged than in the previous two experiments (see Table 4.10 for an 
overview of mean RTs). Descriptively, the largest priming effect was found for transparent 
motor verbs. A repeated-measures ANOVA with Transparency, Motor-Relatedness, and 
Prime Relatedness as factors revealed significant main effects of Transparency (F
1 (1,27) = 
36.50, p < .0001; F2 (1,83) = 6.92, p = .01) and Prime Relatedness (F1 (1,27) = 5.17, p < .05; 
F2 (1,83) = 6.35, p < .05). These effects were modulated by an interaction between 
Transparency and Prime Relatedness, which was, however, significant only in the participants 
analysis (F1 (1,27) = 4.27, p < .05; F2 (1,83) = 2.12, p = .15), and by a significant triple 
interaction between Transparency, Prime Relatedness and Motor-Relatedness (F1 (1,27) = 
11.61, p < .01; F2 (1,83) = 6.14, p < .05). None of the other effects or interactions were 
significant (Fs < 1.96, ps > .17).
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 Follow-up analyses on motor and non-motor verbs separately revealed significant main 
effects of Transparency for both types of verbs, although for motor verbs this was only 
significant in the participants analysis (motor verbs: F1 (1,27) = 5.80, p < .05; F2 (1,42) = 2.49, 
p = .12; non-motor verbs: F1 (1,27) = 17.26, p < .001; F2 (1,41) = 4.38, p < .05). For non-motor 
verbs, no other significant effects or interactions were found (Fs < 2.30, ps > .13). In contrast, 
the analysis on motor verbs revealed a significant main effect of Prime Relatedness (F1 (1,27) = 
6.14, p < .05; F2 (1,42) = 4.31, p < .05) and a significant Transparency by Prime Relatedness 
interaction (F1 (1,27) = 18.61, p < .001; F2 (1,42) = 8.57, p < .01). Paired t-tests showed that 
there was a significant priming effect for transparent motor verbs (p1 < .0001; p2 < .01), 
which was not present for opaque motor verbs (ps > .46). 
 The analysis of the error data (see Table 4.10 for an overview) only revealed a main 
effect of Motor-Relatedness, which was significant in the participants analysis and 
marginally significant in the items analysis (F1 (1,27) = 5.55, p < .05; F2 (1,83) = 2.94, p = .09). 
More errors were made to non-motor than to motor verbs. None of the other effects or 
interactions were significant (Fs < 1.75, ps > .19). 
 The linear regression analyses with Spelling Rate and Vocabulary Rate as independent 
variables again showed no evidence of an effect of these variables on the priming effect (ps 
> .40; see Appendix 4E). Thus, in contrast with Andrews and Lo’s (2013) results, none of our 
Table 4.10   Experiment 3: Mean Reaction Times and Error Percentages
Related Unrelated Priming
Motor Transparent RT (in ms) 526 (79) 561 (80) 35
Errors (in %) 1.30 (4.08) 2.60 (5.45) 1.30
Opaque RT (in ms) 559 (83) 553 (75) -6
Errors (in %) 3.57 (5.72) 3.57 (6.70)    .00
Non-Motor Transparent RT (in ms) 534 (61) 541 (70)  7
Errors (in %) 3.25 (5.08) 5.52 (6.23) 2.27
Opaque RT (in ms) 555 (75) 571 (84) 16
Errors (in %) 4.45 (7.22) 4.71 (8.12)   .26
Mean RT (in ms) 543 (75) 556 (77) 13
Errors (in %) 3.14 (5.68) 4.10 (6.70) .96
Note. Standard deviations in parentheses.
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experiments gave any indication that individual differences in spelling and vocabulary 
abilities influenced results. As mentioned before, increasing the number of participants by 
combining the data of the two morphological priming experiments did not change this 
pattern. It is unclear whether the difference between our and Andrews and Lo’s (2013) 
results is due to differences in the priming paradigm (unmasked vs. masked priming, 
respectively), differences between the participant groups studied, or some other reason. 
 To summarize, Experiment 3 showed that, with a morpho-semantic priming paradigm, 
the priming effect is modulated by both semantic transparency and motor-relatedness: 
Only transparent motor (complex) verbs show morpho-semantic priming. This contrasts 
with the overall morphological priming effect in the two pure morphological priming 
experiments. The results suggest that both priming type and motor-relatedness play a role 
in the processing of Dutch particle verbs. This will be explored in more detail in the General 
Discussion.
General Discussion
In this study, three behavioral priming experiments were used to investigate the influence 
of type of morphological priming (pure morphological vs. morpho-semantic), direction of 
priming (complex targets vs. complex primes) and motor-relatedness on the processing of 
Dutch particle verbs. In the pure morphological priming experiments, transparent and 
opaque, motor and non-motor particle verbs were preceded by their stems as primes 
(Experiment 1) or vice versa (Experiment 2). The same particle verbs were used in the 
morpho- semantic experiment (Experiment 3), but this time the primes were simple words 
semantically related to their stem. Results show an overall priming effect in both pure 
morphological priming experiments. This effect was not modulated by transparency or 
motor- relatedness, nor was it affected by direction of priming. A different pattern was 
obtained in the morpho-semantic priming experiment. The priming effect found in this 
experiment was modulated by both transparency and motor-relatedness, as shown by a 
significant three-way interaction between Transparency, Motor-Relatedness and Prime 
Relatedness. Follow-up analyses showed a significant priming effect for transparent motor 
verbs only. Thus, both type of morphological priming and motor-relatedness seem to 
influence the processing of Dutch particle verbs, in contrast with direction of priming. 
We will address each of these factors in turn.
Priming Paradigm
Direction of priming
In the behavioral priming literature, two directions of priming have been used: complex 
word – stem and stem – complex word. However, the two priming directions have been 
compared for the same item set only once (Marslen-Wilson et al., 1994), and this was done 
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in English, which is morphologically less rich than Dutch. Theoretically, the stem – complex 
word order could increase the priming effect by focusing attention more on the 
morphological structure of the complex word than the reverse order (but see Kirkici & 
Clahsen, 2013, for an opposing view). In this study, we compared the two directions of 
morphological priming using the same experimental stimuli (derived verbs) in two pure 
morphological priming experiments. Our results show no difference in priming effects 
between the two directions of priming: We found overall priming effects of equal size in the 
two pure morphological priming experiments (stem – complex word: 56 ms; complex word 
– stem: 57 ms). These findings are similar to those of the studies comparing the two 
prime-target orders in English (Marslen-Wilson et al., 1994; Marslen-Wilson & Zhou, 1999). 
Thus, the suggestions that the stem – complex word order may lead to either increased or 
reduced priming are not supported. We see therefore no reason to favor one order over the 
other. 
Type of morphological priming
One in our view central result of our study is the fact that different patterns of priming were 
found for pure morphological priming and morpho-semantic priming. Whereas we observed 
robust priming effects in all conditions regardless of transparency and motor-relatedness in 
pure morphological priming, priming effects were restricted to transparent motor verbs in 
morpho-semantic priming. These results are in line with several previous Dutch or German 
behavioral priming studies using one of these priming types (Lüttmann et al., 2011; Smolka 
et al., 2009; Smolka et al., 2014; Zwitserlood et al., 2005; see also Smolka et al., 2015). 
However, none of these studies included both morphological priming techniques. The only 
previous study comparing both techniques, albeit for compounds (Zwitserlood, 1994), did 
not do so systematically (i.e., with the same materials and in a balanced design, see 
Introduction), as the present study did. By systematically comparing the two types of 
morphological priming, we have excluded the possibility that the different results for the 
different priming methods obtained in the previous studies were due to differences in the 
materials or other factors. Rather, taken together, our results and the previous findings 
consistently show that the particular priming technique itself affects whether and for 
which words (e.g., transparent vs. opaque words) morphological priming is observed. Thus, 
morphological priming can no longer be seen as a ‘neutral observation method’ of 
morphological processing; instead, it appears to influence precisely those processes that it 
is meant to observe.
 These findings raise the question in which way the type of priming influences 
morphological processing. A possible explanation is that pure morphological priming may 
direct the reader’s attention towards the morphological structure of complex words. Thus, 
it may enhance the importance of morphologically decomposed representations relative to 
whole-word representations of these words. As a result, facilitation occurs for all morpho-
logically complex words. In contrast, a morpho-semantic priming context may lead to an 
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increased focus on semantic relations between primes and complex targets. Therefore, 
deeper conceptual processing may occur, possibly leading to an increased influence of 
semantic variables in the processing of morphologically complex words. As a result, 
facilitation of a complex word depends on its transparency and motor-relatedness. 
 More specifically, in terms of parallel dual-route (Baayen & Schreuder, 1999; Baayen & 
Schreuder, 2000) and multiple-route (Kuperman et al., 2010; Kuperman, Schreuder, Bertram, 
& Baayen, 2009) models – with a holistic processing route and a decompositional route 
running in parallel –, the type of priming may determine which of the two processing routes 
is faster or more dominant. In a pure morphological priming context, the focus on 
morphological structure may shift the balance between the two routes in favor of the 
 decompositional route. In a morpho-semantic priming context, the decompositional route 
plays less of a role and the holistic processing route will dominate. In the dual- and 
multiple-route models, the balance between the two routes is dependent on word 
(constituent) characteristics (length, frequency) and/or morphological family size (i.e., the 
paradigmatic context of a morphologically complex word in the mental lexicon). However, 
what is not accounted for in these models is the influence of experimental context, such as 
type of morphological priming. To be compatible with our results, this variable should be 
included in the models.
 Type of priming may also explain some of the inconsistencies in the literature regarding 
the priming patterns of transparent and opaque derivations. However, it is not sufficient on 
its own to explain the whole range of previous behavioral priming results. If pure 
morphological priming leads to overall priming, not modulated by semantic transparency, 
then the question is why numerous pure morphological priming studies reported differential 
priming effects for semantically transparent and opaque derivations (English: Feldman & 
Soltano, 1999; Feldman et al., 2004; Gonnerman et al., 2007; Marslen-Wilson et al., 1994; 
Rastle et al., 2000; French: Longtin, Segui, & Hallé, 2003). One potential explanation relates 
to the type of language. Possibly, the context of pure morphological priming is not sufficient 
to eliminate the influence of semantic word characteristics such as transparency; as 
mentioned before, the morphological richness of a language may also play a role. Thus, 
in German and Dutch, two languages with a similarly rich derivational system, readers 
might generally use more decomposition-based strategies for derivations, so that pure 
morphological priming leads to an overall morphological priming effect (Lüttmann et al., 
2011; Smolka et al. 2009, 2014; see also Smolka et al., 2015; but see Feldman, Barac-Cikoja, 
& Kostic´, 2002). In contrast, English has a relatively poor derivational system (Dressler, 
2005; Duncan et al., 2009; Haman et al., 2009), so that holistic processing might be favored 
more often, and thus, pure morphological priming may not be enough to suppress semantic 
influences (but see Bozic et al., 2007). This hypothesis clearly asks for studies like the present 
one, but then on languages whose derivational system is less rich than Dutch or German. 
 To summarize, our results show that priming effects are not only determined by word 
characteristics such as the frequency or transparency of derivations, but also by contextual 
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factors such as the type of morphological priming. This factor may influence which route 
(decompositional or holistic) and/or which level of representation (morphemic or whole- 
word) receives more weight in the processing of derivations. Thus, in contrast to the 
assumption that pure morphological priming and morpho-semantic priming both reflect 
how derivationally complex words are processed, the present data strongly suggest that the 
type of morphological priming influences how derivations are processed.
Motor-Relatedness
Our results show that priming effects are also influenced by motor-relatedness. In our 
morpho- semantic priming experiment, the priming effect was modulated by both semantic 
transparency and motor-relatedness: Only transparent motor verbs were primed by words 
semantically related to their stems, as opposed to transparent non-motor verbs or opaque 
verbs. A modulation of the priming effect by transparency has been found in previous 
studies (see above), but a modulation by motor-relatedness has, to our knowledge, not been 
reported before (but see Feldman, Basnight-Brown, & Pastizzo, 2006, for a modulation of 
the morphological priming effect by concreteness) .
 The priming effect for transparent motor verbs indicates that, in a morpho-semantic 
priming context, the stem of a transparent verb is more easily separated from its prefix if it 
is motor-related. The influence of motor-relatedness points towards a language embodiment 
account, and may be due to an increased emphasis on semantic relations in morpho- 
semantic priming. In such a context, deeper conceptual processing may occur. According to 
Barsalou, Santos, Simmons, and Wilson (2008), deep conceptual processing involves 
simulation, i.e., activation in the brain’s sensory and motor systems to simulate the states 
referred to by the word form. If deep conceptual processing indeed involves simulation, this 
might explain why priming was modulated not only by semantic transparency, but also by 
motor-relatedness: Motor and non-motor verbs will differ in terms of simulation.
 We can explore this in more detail in the context of the multiple-route model (Kuperman 
et al., 2010; Kuperman et al., 2009). If there is an increased focus on semantic relations in 
the morpho-semantic priming paradigm, the obvious semantic relation between transparent 
verbs and their stem may lead to faster recognition of the morphological structure of 
transparent verbs compared to opaque verbs. As a result, the decompositional route may be 
facilitated in transparent verbs as compared to opaque verbs. However, transparency may 
not be enough to tip the balance in favor of decomposition. This is where motor-relatedness 
comes in. Words associated with a higher degree of motor-related content are supposed to 
be accessed faster, possibly because they are easier to simulate and/or evoke more semantic 
activation than words less grounded in bodily experience (Bennett et al., 2011; Kuperman, 
2013; Siakaluk, Pexman, Aguilera, et al., 2008; Siakaluk, Pexman, Sears, et al., 2008; Sidhu 
et al., 2014). Therefore, in a context which promotes deeper conceptual processing such as 
morpho-semantic priming, transparent verbs with a motor-related stem may receive an 
additional advantage, i.e., their stem may be accessed faster than non-motor-related stems 
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of transparent verbs. This may give the decompositional route enough of a boost to 
outperform the holistic route. To recapitulate, transparent motor particle verbs may receive 
an advantage in a morpho-semantic priming context, because their transparency increases 
the speed with which the relation between the particle verbs and their stem is recognized, 
and their motor-relatedness increases the speed with which the stem meaning is accessed, 
possibly because motor-related stems are easier to simulate.
 Alternatively, the advantage for transparent motor verbs may be realized at the 
so-called recombination stage. According to Ji et al.’s (2011) meaning-construction 
framework (a variation of the multiple-route model), the decomposition of morphologically 
complex words is followed by the recombination of constituents, and differences between 
transparent and opaque words are due to the ease of the semantic integration of their 
constituents. Thus, opaque particle verbs would not be primed because of the difficulty in 
recombining their constituents. For transparent verbs, recombination would be possible for 
both motor and non-motor verbs. However, if motor verbs evoke simulation in the neural 
motor system or generate more semantic activation, recombination may be easier for them 
than for non-motor verbs. As a result, the recombination route may be faster than the 
whole-word route for transparent motor verbs only.
 The present results, indicating that motor-relatedness may modulate priming effects in 
derivations, raise the question why Kuperman (2013) did not find any influence of the 
degrees of sensory experience rating (SER) and body-object interaction (BOI) of compound 
constituents on the lexical decision times of these compounds as a whole. His results were 
interpreted as arguing against the dual- and multiple-route models. One possibility is that 
the difference in stimuli led to the difference in results: Maybe compounds are less likely to 
be decomposed than derived verbs. However, this seems unlikely in light of the many studies 
showing evidence that transparent and/or opaque compounds are decomposed (Duñabeitia, 
Laka, Perea, & Carreiras, 2009; Gagné & Spalding, 2004; Ji et al., 2011; Jia, Wang, Zhang, & 
Zhang; Koester, Gunter, & Wagner, 2007; Kuperman et al., 2009; Lemhöfer et al., 2011; 
Pollatsek, Hyönä, & Bertram, 2000; Sandra, 1990) and/or recombined (Gagné & Spalding, 
2004; Ji et al., 2011; Jia et al.; Koester et al., 2007). 
 Another possible reason for the difference between our and Kuperman’s (2013) results 
is the difference in paradigm used: primed versus unprimed lexical decision. It seems to be 
the case that different paradigms (e.g., priming vs. no priming, see Bozic et al., 2007 vs. 
Bozic et al., 2013; Clahsen, Sonnenstuhl, & Blevins, 2003), and even variations within one 
paradigm (Ji et al., 2011), may produce different results for complex words. 
 Finally, the differences in results between Kuperman’s (2013) and our study may be 
accounted for by the difference in the variables considered in the two studies. In our morpho- 
semantic priming study, motor-relatedness interacted with semantic transparency. In 
Kuperman’s (2013) study, transparency or its interaction with the SER and BOI variables 
were not included as variables. Possibly, the lack of an effect of constituent SER or BOI for 
semantically opaque words may have obscured the presence of such effects for semantically 
119
Derivations: Priming type and motor-relatedness
4
transparent words. Also, as argued by Taft (2004) in the context of base frequency effects, 
the lack of an effect of constituent characteristics in the processing of complex words does 
not constitute evidence against decomposition of these complex words: For certain complex 
words, the processing advantage for decomposed words may be eliminated by difficulties 
at a later stage, when constituents are recombined. Similarly, the lack of an effect of 
constituent SER or BOI in Kuperman’s (2013) study does not constitute evidence against 
semantic access of constituents: For certain complex words, the processing advantage for 
words with motor-related stems may be eliminated by subsequent problems in semantic 
integration of the constituents.
 To summarize, motor-relatedness was found to modulate the priming effect in a morpho- 
semantic priming context. Thus, it was shown that transparency is not enough to elicit a 
priming effect in this context: Facilitation only occurred for transparent verbs with a 
motor-related stem. This may be due to an advantage in processing speed of motor-related 
stems, possibly because of their ease of simulation and/or higher degree of semantic 
activation. Motor-relatedness should therefore be taken into account in models of derivation 
processing.
Conclusion
We set out to investigate whether different kinds of Dutch particle verbs (transparent and 
opaque, motor and non-motor derived verbs) are decomposed or processed holistically, as 
measured by different versions of the morphological priming paradigm. However, the fact 
that our results depended on which version of the morphological priming paradigm was 
used (pure morphological vs. morpho-semantic priming) suggests that these different 
methods are not purely measuring morphological processing. Rather, it seems that the 
priming method influences the way in which readers process the derived verbs: In comparison 
with morpho-semantic priming, the overt repetition of stems in pure morphological priming 
seems to induce a bias towards a decompositional processing strategy. Thus, both pure 
morphological priming experiments showed an overall priming effect for transparent and 
opaque, motor and non-motor particle verbs. In contrast, in the morpho-semantic paradigm, 
significant priming was found only for transparent motor verbs.
 Furthermore, we were the first to observe a modulating effect of motor-relatedness. 
This effect can be linked to embodied cognition theory: The priming effect for transparent 
motor verbs may be due to deeper conceptual processing in the morpho-semantic priming 
type, allowing the increased semantic activation and/or ease of simulation of the stems of 
these verbs to exert their influence. 
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Summary
In this thesis, the processing of derivations was studied in L1 speakers of Dutch and German 
L2 speakers of Dutch, using both neuroimaging and behavioral approaches. In the fMRI 
experiments (Chapters 2 and 3), both ROI analyses and whole-brain analyses were used to 
find out whether semantically transparent and opaque derivations are decomposed or 
processed holistically in L1 and L2 speakers. In the behavioral experiments (Chapter 4), 
different types of morphological priming were used to study the role of both context- 
related and stimulus-related factors in the processing of derivations in L1 speakers.
 In Chapter 2, the processing of opaque derivations was investigated by looking into 
potential embodiment effects associated with their stem: Motor-related brain activation 
was expected for opaque derivations with a motor stem only if they were decomposed. 
Potential effects of motor-relatedness were also explored outside of the context of opaque 
derivations, by comparing simple motor and non-motor verbs. 
 The results for opaque derived verbs showed that there was no activation in somato-
sensory- or motor-related areas when derivations with a motor stem were compared with 
those with a non-motor stem. When L1 and L2 speakers were considered together, significant 
interactions were found between complexity and motor-relatedness in somatosensory- and 
motor-related areas. These effects were due to increased activation for simple motor versus 
non-motor verbs, as opposed to no difference between opaque motor and non-motor 
verbs. This suggests that opaque derivations were not decomposed. When the two groups 
were analyzed separately, opaque derivations with a motor stem versus those with a 
non-motor stem did not differ either in somatosensory- or motor-related areas. However, 
the interaction between complexity and motor-relatedness in these areas was not always 
significant in the ROI analyses, and was only significant in the whole-brain analyses when 
another threshold was used. Thus, neither L1 nor L2 speakers showed evidence for 
decomposition of opaque complex verbs. However, these results should be treated with 
caution since the interaction between complexity and motor-relatedness was not always 
significant. 
 The results for simple verbs were clearer. Simple motor verbs, compared to simple 
non-motor verbs, induced activation of somatosensory- and motor-related brain areas in 
both L1 and L2 speakers of Dutch. Importantly, in L2 participants, this effect was not limited 
to cognate simple verbs, but also extended to non-cognate simple verbs. Additionally, 
different prefrontal and cingulate areas were involved in the processing of cognate and 
non-cognate simple motor verbs in L2 speakers, probably due to the different decision- 
related processes associated with the two types of verbs in L2. 
 The motor-related activations found in L2 speakers indicate that semantic representa-
tions in L2 are rich enough to allow for a similar engagement of somatosensory and motor 
areas as in L1. In addition, the presence of these effects for both cognate and non-cognate 
simple verbs suggests that they were not merely due to transfer from L1. 
124
Chapter 5
 The second fMRI experiment (Chapter 3) focused on the processing of transparent derived 
verbs in L1 and L2 speakers of Dutch. To study transparent derivations, a different technique 
was necessary than the one used in Chapter 2. In contrast with opaque motor derivations, 
transparent derivations with a motor stem also have a motor-related meaning as a whole. 
As a result, motor-related activations for transparent motor derivations could be due to the 
motor-related meaning of the whole, and thus do not constitute evidence for morphological 
decomposition. Therefore, transparent derivations were investigated using long-lag morphological 
priming. Repetition suppression effects were expected in the LIFG for morphologically primed 
transparent derivations only if they were decomposed.
 The results showed that such effects indeed occurred when both groups were analyzed 
together, and when L2 speakers were analyzed separately. This was not the case for L1 
speakers. However, the lack of interactions between priming condition and language group 
precludes any clear conclusions regarding the processing of transparent derivations in the 
L1 group. In the analyses over both groups, an additional repetition suppression effect was 
found in the left posterior superior temporal sulcus (LpSTS). Repetition enhancement 
effects were found in areas such as the bilateral superior temporal gyrus and hippocampus. 
The repetition enhancement effects, which were also present in the analyses for L2 speakers 
separately, may have been due to language learning in L2. The repetition suppression effects 
in the LIFG and the LpSTS suggest that the stems of transparent derived verbs were accessed. 
Possibly, the LIFG controls access to their representations, which may be stored in the 
LpSTS. Thus, the results suggest that L2 speakers decompose transparent derived verbs 
rather than processing them holistically.
 In Chapter 4, three behavioral priming experiments were reported on the processing of 
derived verbs in Dutch L1 speakers. In these experiments, transparent and opaque derivations 
with motor and non-motor stems were compared in two contexts: pure morphological 
priming (priming between a derivation and its stem) and morpho-semantic priming (priming 
between a derivation and a word semantically related to its stem). Thus, the interaction 
between motor-relatedness on the one hand, and experimental context and semantic 
transparency on the other hand, could be examined. 
 The two experiments in which pure morphological priming was used showed significant 
overall morphological priming effects, independent of direction of priming, and not 
modulated by the semantic transparency of the derivations, nor by the motor-relatedness 
of their stem. In contrast, in the morpho-semantic priming experiment, significant priming 
was found only for transparent motor verbs. Thus, type of morphological priming, motor- 
relatedness of the stem and semantic transparency were shown to play a role in the 
processing of Dutch transparent derived verbs. 
 We suggested that pure morphological priming may direct the attention to the 
morpho logical structure of derivations, leading to the decomposition of all derived verbs. In 
contrast, morpho-semantic priming may emphasize the semantic relations between primes 
and derived verbs, allowing semantic variables such as semantic transparency and motor- 
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relatedness to play a role in the processing of Dutch derived verbs. The influence of motor- 
relatedness may be due to the potentially deeper conceptual processing occurring in morpho- 
semantic priming. In such a context, the increased semantic activation of motor stems and/or 
their ease of simulation may lead to an advantage for transparent verbs with a motor stem.
 Below, the findings of the experiments presented in this thesis are integrated to shed 
more light on the main topics of this thesis, i.e., the processing of transparent and opaque 
derivations in L1 and L2 speakers of Dutch and the role of motor-relatedness. To conclude 
this chapter, some suggestions are given for future research in these domains.
Opaque Derived Verbs in L1
In Chapter 2, L1 speakers showed no evidence for decomposition of semantically opaque 
Dutch derived verbs in a lexical decision fMRI experiment. In Chapter 4, evidence for 
decomposition of opaque verbs was found in L1 speakers of Dutch in two pure morphological 
priming experiments, whereas the morpho-semantic priming experiment suggested that 
opaque verbs were processed holistically in L1 Dutch. 
 The findings of Chapter 4 were explained by referring to the difference in priming 
contexts: Pure morphological priming may induce decomposition of all morphologically 
complex words due to increased focus on their morphological structure. In contrast, 
enhanced attention to semantic relations in a morpho-semantic priming context may 
increase the importance of semantic variables such as semantic transparency, such that 
only transparent derivations, but not opaque derivations, are decomposed. 
 If we integrate this with the results of Chapter 2, it seems that the processing of opaque 
derivations in L1 speakers is not only influenced by the type of morphological priming, but 
also by the presence or absence of a priming context in itself. Thus, opaque verbs may be 
decomposed in a pure morphological priming context, but processed holistically in a 
morpho- semantic priming context or a non-priming context. This suggests that opaque 
verbs are processed holistically by default in L1 speakers, and supports the idea that pure 
morphological priming may not just reflect morphological decomposition, but induce it, at 
least in Dutch opaque derivations.
 Two cautionary notes should be added to this. First, the fMRI experiment presented in 
Chapter 2 does in fact involve some morphological priming, albeit very long-lag priming: 
Half of the opaque derivations in each participant were preceded by their stem, the other 
half were followed by their stem (mean lag: 75 words; range: 8-189). One could argue that 
the combination of primed and unprimed opaque derivations explains why no difference 
was found between opaque motor and non-motor verbs in somatosensory and motor 
regions. Possibly, unprimed opaque motor verbs led to increased activation in these areas, 
whereas primed opaque motor verbs led to repetition suppression effects in these areas. 
Consequently, the mean activation level for opaque motor verbs in general (primed and 
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unprimed) may not have been high enough to significantly differ from the activation level 
of opaque non-motor verbs in somatosensory and motor regions. 
 This hypothesis cannot be tested in our study, since the number of items per priming 
condition is too low to contrast the activation levels of primed and unprimed opaque motor 
verbs. It is also difficult to evaluate this hypothesis on the basis of the existing literature, 
since, to our knowledge, such long lags have only been investigated with form priming, 
yielding contradictory results (Jordan, 1986; Monsell & Hirsh, 1998; Napps & Fowler, 1987; 
Sumner & Samuel, 2007). However, if morphological priming at these very long lags did 
indeed occur and led to repetition suppression effects in somatosensory and motor areas 
for opaque motor derivations, similar results should have been obtained for the 
corresponding simple verbs, as half of them were also primed (by the derivations containing 
these verbs as their stem). This was not the case: In two out of three ROIs, simple cognate 
motor verbs elicited significantly increased activation compared to non-motor verbs in L1 
speakers. In addition, none of the ROI analyses showed differences between cognate and 
non-cognate simple verbs, although the latter were never primed. Thus, it seems unlikely 
that such long lags could lead to morphological priming effects for opaque derivations.
 A second cautionary note should be made regarding the type of derived verbs used in 
Chapters 2 and 4: In the fMRI experiment (Chapter 2), both particle and prefixed verbs were 
presented, whereas the materials were limited to particle verbs in the behavioral priming 
experiments (Chapter 4). A potential issue with combining particle verbs and prefixed verbs 
is that the lexical frequency of particle verbs is underestimated in corpuses like Celex 
(Baayen et al., 1995): Frequency counts of particle verbs are only based on their occurrence 
when used as a whole, not taking into account their occurrence when the verb stems are 
separated from their particles. Since the actual frequency of the particle verbs included in 
the experiment is unknown, opaque motor and non-motor verbs may have differed 
somewhat in their actual lexical frequency. One could argue that such a difference could 
have obscured any other potential differences between the two conditions. For example, if 
opaque non-motor verbs were actually less frequent than opaque motor verbs, increased 
activation for opaque non-motor verbs due to their lower frequency could have obscured 
increased activation for opaque motor verbs due to access to their motor stem. 
 However, there were only slightly more particle verbs in the opaque motor condition 
than in the opaque non-motor condition (12 vs. 10, respectively). Therefore, any differences 
in lexical frequency between the two conditions were probably quite small. In addition, 
frequency-related differences in activation have been found in regions such as the LIFG, 
possibly reflecting increased effort in grapheme-to-phoneme conversion for these words 
(Fiebach, Friederici, ller, & Cramon, 2002; Fiez, Balota, Raichle, & Petersen, 1999). It is not 
clear why, for opaque non-motor verbs, such frequency-related increased processing effort 
would lead to increased activation in somatosensory or motor regions. 
 To summarize, the comparison of the results of Chapters 2 and 4 suggests that pure 
morphological priming (at least in a short-lag design) induces decomposition of Dutch opaque 
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derived verbs. Further research is necessary to determine the potential effect of very long-lag priming 
designs and potential differences between particle and prefixed verbs in terms of decomposition. 
Transparent Derived Verbs and Motor-Relatedness in L1
In the fMRI experiment reported in Chapter 3, a repetition suppression effect was found in 
the LIFG for transparent derived verbs when both L1 and L2 speakers were analyzed together, 
and there was no interaction with language group. However, when L1 speakers were 
analyzed separately, this repetition suppression effect was not present. Thus, the evidence 
regarding decomposition of transparent derivations in L1 speakers is not entirely clear in the 
context of a long-lag priming paradigm. In contrast, the short-lag priming experiments 
with L1 speakers reported in Chapter 4 presented clear evidence that transparent derivations 
are morphologically decomposed in a pure morphological priming context, whereas they 
are only decomposed in a morpho-semantic priming context if their stem is motor-related. 
 The results from Chapter 4 may help to clarify why no clear priming effect was found for 
L1 speakers in the fMRI experiment of Chapter 3. A potential explanation is connected with the 
motor-relatedness of the derivations’ stems. In the fMRI experiment, both derivations with a 
motor stem (19 in each priming condition) and derivations with a non-motor stem (16 in each 
priming condition) were included. Possibly, only the transparent derivations with a motor stem 
were decomposed in L1 speakers, as in the morpho-semantic priming experiment of Chapter 4. 
 However, in the fMRI experiment of Chapter 3, pure morphological priming was used, 
as in the first two behavioral priming experiments of Chapter 4, and unlike the third 
(morpho- semantic) priming experiment of Chapter 4. If pure morphological priming induces 
morphological decomposition of all transparent derivations, independent of motor- 
relatedness, then we would expect a clear priming effect in the fMRI experiment. Still, the 
pure morphological priming experiments in Chapter 3 and 4 were not entirely comparable, 
as they differed in terms of lag. Perhaps, lag interacts with motor-relatedness, such that 
transparent non-motor verbs are only decomposed in a short-lag priming context (as in 
Chapter 4), and not in a long-lag priming context (as in Chapter 3). Thus, in long-lag 
priming, the occurrence of a clear priming effect for transparent derivations in L1 may be 
dependent on the proportion of motor-related stimuli. This remains speculative, as none of 
the long-lag priming studies investigating transparent derivations (Bozic et al., 2007; 
Feldman & Larabee, 2001; Napps, 1989; Raveh & Rueckl, 2000; Rueckl & Aicher, 2008) 
manipulated motor-relatedness as a factor or controlled for it. 
 In summary, our results indicate that, in short-lag priming, the type of morphological 
priming influences whether transparent derivations are decomposed in L1 speakers of 
Dutch. In a pure morphological priming context, the focus on morphological structure may 
lead to decomposition of all transparent verbs. In a morpho-semantic priming context, the 
focus on semantic relations may limit decompositional processing to transparent motor 
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verbs. This again suggests that pure morphological priming may induce decomposition, at 
least in Dutch transparent non-motor derivations. In addition, motor-relatedness of the 
stem seems to play a crucial role in the processing of transparent derivations in morpho- 
semantic priming. In long-lag priming, results were not as clear, possibly because both 
motor and non-motor verbs were included. Future research should explore whether motor- 
relatedness plays a role in the processing of transparent derivations in long-lag pure 
morphological priming.
Implications for Models of Derivation Processing in L1
For L1 speakers, the clearest results were found for short-lag priming. For this reason, the 
discussion of L1 models will focus on these findings. The question of interest is whether and 
how existing models of L1 derivation processing can account for the roles of morphological 
priming type, semantic transparency and motor-relatedness of the stem in the processing 
of derivations. 
 Like most models of derivation processing, the obligatory-decomposition model (Taft 
& Nguyen-Hoan, 2010) incorporates the factor of semantic transparency. The processing of 
transparent derivations is supposed to involve initial decomposition into (morpho-)
orthographic representations, followed by the activation of morphemic representations, 
which in turn activate whole-word representations (see Figure 1.1). Opaque derivations are 
also supposed to involve initial decomposition into (morpho-)orthographic representations, 
followed by the activation of morphemic representations. However, the latter are suppressed 
quickly, and whole-word representations are activated directly through the morpho- 
orthographic representations (see Figure 1.1). Thus, this model accounts for the often 
encountered pattern of morphological priming for transparent but not for opaque 
derivations in unmasked short-lag priming experiments.
 However, to incorporate the factor of morphological priming type and its interaction 
with semantic transparency, the obligatory-decomposition model needs to be adjusted. For 
this, we can examine how the model integrates another type of experimental context, i.e., 
the type of pseudo-word used in lexical decision (Taft & Ardasinski, 2006). 
 According to the model, lexical decisions for transparent derivations are influenced 
more by whole-word characteristics or by stem characteristics depending on the type of 
pseudo-words presented. If the pseudo-words consist of a pseudo-word stem and a real 
affix (as in the present experiments), lexical decisions can be based on a judgment of 
the lexicality of the stems, i.e., at the stage of morphemic unit activation. Whole-word 
representations therefore have limited weight in the decision, and response speed is 
influenced by stem characteristics. In contrast, if the pseudo-words consist of a real stem 
and a real affix, more focus is necessary on the combinability of stems and affixes, leading 
to increased weight of the whole-word representations in making the lexical decision. 
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In this case, whole-word characteristics, such as whole-word frequency, may play an 
increased role in response speed. Thus, whole-word representations may play a stronger 
role in the processing of transparent derivations depending on the type of experimental 
context (the type of pseudo-words used). 
 To accommodate our results, the obligatory-decomposition model should be adjusted 
to allow for a role for another type of experimental context: the type of morphological 
priming. This factor should be allowed to influence the processing not only of transparent 
derivations but also of opaque derivations. The explanation for our results in terms of the 
obligatory-decomposition model could be as follows: In pure morphological priming, 
increased attention to morphological structure leads to increased weight of the morpho- 
orthographic units and/or the corresponding morphemic representations of opaque 
derivations relative to their whole-word representations. Thus, these representations are 
not suppressed as quickly as in a less morphologically focused context. As a result, 
facilitation occurs for opaque derivations in a pure morphological priming context. In 
contrast, the lack of focus on morphological structure in morpho-semantic priming leads to 
the (default) suppression of morphemic representations of opaque derivations. 
 To account for our results for transparent derivations, a third factor needs to be taken 
into account: motor-relatedness of the stem. This seems more difficult to integrate in the 
obligatory-decomposition model. In the interpretation of our results, we suggested that 
morpho-semantic priming not only leads to less focus on morphological structure, but also 
to more focus on semantic relations between the stimuli. This may promote deep conceptual 
processing, possibly allowing semantic variables such as motor-relatedness to play a role in 
determining whether derivations are decomposed. However, in the obligatory-decomposition 
model, the ‘function’ level (containing semantic and syntactic information units) is supposed 
to be involved only in the processing of inflections, not in the processing of derivations. 
 During inflectional processing, stems and affixes do not activate whole-word 
 representations, but are supposed to be recombined in an online composition process 
involving the function level. In contrast, no such online composition process, in which 
stems and affixes are recombined, is assumed for derivations. Instead, morphemic 
 representations lead to the activation of whole-word representations without involvement 
of the function level. Thus, the influence of semantic transparency on the processing of 
derivations is not supposed to be due to involvement of the function level, but to the 
existence of whole-word representations at the lemma level. It is difficult to see how 
 motor-relatedness could modulate semantic transparency in this framework. A morpho- 
semantic priming context could lead to increased weight of whole-word representations for 
transparent derivations in this model. But it remains unclear why this would lead to priming 
effects for transparent motor verbs but not of transparent non-motor verbs. Therefore, the 
obligatory-decomposition model is not entirely successful at accommodating our results. 
 In the parallel-dual route model (Schreuder & Baayen, 1995), as in the obligatory- 
decomposition model, the role of semantic transparency is already taken into account. 
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At the level of access representations, morphemic and whole-word representations are 
accessed in parallel for both transparent and opaque derivations, but which route (decom-
positional or holistic) receives more weight at subsequent stages may differ (see Figure 1.2). 
At the level of concept nodes, representations for transparent derivations will receive 
feedback from semantic and syntactic nodes connected to their constituent representations, 
due to semantic and syntactic overlap between transparent derivations and their 
constituents. This feedback will be minimal for opaque derivations, because there is hardly 
any semantic overlap between opaque derivations and their constituents. As a result, the 
processing of opaque derivations will be mostly influenced by the holistic route, whereas 
the decompositional route may have more influence in the processing of transparent 
derivations.
 Besides semantic transparency, a number of other characteristics, such as whole-word 
frequency, morpheme frequency, and morphological family size, are supposed to influence 
the processing of derivations. Over the years, more and more variables were added to the 
dual-route model, leading to the reformulation of the model in terms of a ‘multiple-route’ 
model (Kuperman et al., 2010; Kuperman et al., 2009). In this model, the processing of 
morphologically complex words occurs by taking into account information at several 
different levels simultaneously. Such information may involve orthography, morphological 
structure, morphological constituents, morphological family size and whole words. The use 
of these sources of information is interactive and flexible: Different sources of information 
may influence each other, and they may be relied on to different degrees at different points in 
time, so that the balance between decomposition and holistic processing may shift over time. 
 Some of the variables included in the parallel dual-route and multiple-route models are 
contextual factors. For example, the morphological richness of a language will influence 
whether whole-word representations are developed for transparent derivations: The fewer 
(transparent) morphologically complex words a particular language contains, the more 
whole-word representations of transparent derivations will develop (Schreuder & Baayen, 
1995). 
 However, to accommodate our results, another type of context needs to be taken into 
account: the type of morphological priming. The integration of this factor seems easiest 
where transparent derivations are concerned, as the dual- and multiple-route models 
already display a certain degree of flexibility with regard to this type of derivations: Different 
characteristics, such as whole-word and morpheme frequencies, determine whether the 
processing of transparent derivations is influenced more by the decompositional route or 
the holistic route. By adding priming context to the model, our results for transparent 
derivations can be explained: Different priming contexts will lead to differences in the 
weight of morphemic versus whole-word representations in the processing of these 
derivations. In pure morphological priming, morphemic representations will receive more 
weight, independent of their associated semantic nodes. In morpho-semantic priming, the 
semantic nodes become more important, such that they may influence which type of 
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morphemic representations receives more weight. Thus, which of the two routes (holistic or 
decompositional) has more influence on the processing of transparent derivations depends 
on the type of morphological priming.
 The influence of priming context on the processing of opaque derivations seems 
somewhat more difficult to integrate in the dual- and multiple route models. In the 
dual-route model, the balance between decompositional and holistic routes and the 
influence of contextual factors are mostly discussed with regard to transparent derivations. 
In the multiple-route model, semantic transparency has so far not been taken into 
consideration as a factor. To account for our results, the balance between the two routes 
should be allowed to shift depending on the priming context, not only for transparent 
derivations, but also for opaque derivations. Thus, in a pure morphological priming context, 
the dominance of the holistic route in the processing of opaque derivations disappears due 
to increased attention to morphological structure and decreased attention to semantic 
relations. As a result, morphemic representations of opaque derivations receive more 
weight, as opposed to the semantic nodes they are connected to, such that decomposition 
becomes dominant. 
 This constitutes an important change to the model. In the original model, a morphemic 
concept node exerts its influence through its connection with the whole-word concept 
node via the semantic nodes. Thus, a certain degree of transparency is necessary for 
morphological priming effects to occur. In the adjusted model, a morphemic concept node 
can exert its influence due to increased focus on morphological structure, which leads to 
sustained activation of the morphemic concept node. 
 In this adapted dual-/multiple-route model, motor-relatedness of the stem can be 
integrated. In a morpho-semantic priming context, enhanced attention to semantic 
relations increases the importance of the semantic nodes. As a result, both semantic 
transparency and motor-relatedness can play a role in determining the balance between 
decomposition and holistic processing. 
 An open question is whether sustained activation of morphemic concept nodes is 
sufficient to explain morphological priming effects for opaque derivations. After all, in the 
dual-route model, the only links postulated between morphemic concept nodes and their 
associated whole-word concept nodes are indirect, through the semantic and syntactic 
node level. In the case of opaque derivations, this means that, even if increased attention to 
morphological structure leads to sustained activation of morphemic concept nodes, this 
activation will hardly contribute to the activation of the target whole-word concept nodes. 
Thus, the decompositional route hardly contributes to the retrieval of the semantic repre-
sentations associated with the opaque whole-word concept nodes. In such a model, the 
activation of the morphemic concept nodes of opaque derivations is only sustained due to 
increased attention to morphological structure, and not due to feedback activation from 
the semantic and syntactic nodes associated with the target whole-word concept nodes. It 
remains to be investigated whether this is sufficient to elicit morphological priming effects. 
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If not, links between morphemic concept nodes and their associated whole-word concept 
nodes may need to be postulated, as in the obligatory-decomposition model.
 Thus, the model most successful at explaining our results may be a kind of hybrid 
model between the parallel dual-/multiple-route models and the obligatory-decomposition 
model. In this hybrid model, the semantic and syntactic (function) level is involved in the 
processing of derivations in a morpho-semantic priming context, such that semantic 
factors influence which route (decompositional or holistic) is dominant in the processing of 
derivations (similar to the parallel dual-/multiple-route models). In addition, links between 
morphemic lemmas or concept nodes and their associated whole-word lemmas or concept 
nodes (as in the obligatory-decomposition model) help explain the morphological priming 
effects for opaque derivations in a pure morphological priming context. 
 Importantly, however, this hybrid model assigns a significant role to the priming 
context. The balance between decomposition and holistic processing is not only dependent 
on word (constituent) characteristics such as semantic transparency or frequency, or more 
or less ‘stable’ contextual factors such as the morphological richness of a language. It is also 
significantly influenced by the ‘immediate’ context, such as the priming context. Thus, the 
balance between decomposition and holistic processing is not fixed for either transparent 
or opaque derivations, but dependent on the immediate context. In this, the proposed 
model differs not only from the parallel dual-/multiple-route models and the obligatory- 
decomposition model, but also from other models not discussed here, such as the 
connectionist model (Plaut & Gonnerman, 2000) and the naïve discriminative learning 
model9 (Baayen, Milin, Đurđevic´, & Marelli, 2011). 
L2 Processing of Derivations and Motor Words
In our fMRI studies, no differences were found in the processing of semantically transparent 
and opaque derivations between German L2 speakers of Dutch and L1 speakers of Dutch. 
Transparent derivations elicited significant repetition suppression effects in the LIFG, 
indicating that they were decomposed (Chapter 3). In contrast, opaque derivations showed 
no evidence of decomposition (Chapter 2). 
 Thus, our results do not support the Dual Mechanism/Declarative-Procedural (DP) 
account in its claim that there is less reliance on the procedural system in L2 speakers than 
in L1 speakers: According to this account, combinatorial processing depends on procedural 
memory, which is claimed to be attenuated in late childhood, and thus relied on less in 
late-learned L2 (Clahsen et al., 2010; Ullman, 2005). In fact, our results even point in the 
opposite direction: Significant morphological priming effects for transparent derivations 
9 Admittedly, the naïve discriminative learning model has so far been limited to the first steps of morpho-
logical processing. It remains to be seen whether context is/can be integrated when the model is extended 
to later stages of morphological processing.
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were only found in L2 speakers, and not in L1 speakers. Still, we do not have sufficient 
evidence to support the suggestion that there is enhanced decomposition in L2 speakers 
compared to L1 speakers (Lemhöfer et al., 2011; Portin et al., 2008), as the interaction with 
Language Group was not significant for either transparent or opaque derivations. 
 Several caveats could be raised concerning the claim that our results do not support 
the Dual Mechanism/DP model. First, Kirkici and Clahsen (2013) argued that similar 
morphological priming effects for transparent derivations in L1 and L2 speakers do not 
challenge the claim that L2 speakers rely less on the procedural system. In an adjusted 
version of the Dual Mechanism model, they suggest that morphological priming effects in 
derivation processing may result from two routes. In the first one, the decompositional 
route, derivations are decomposed into their morphological constituents, leading to 
morphological priming effects. In the second one, the ‘lexeme’ or holistic route, a derivation 
directly activates the (morphologically structured) lexeme representation for the derivation 
as a whole. This lexeme representation is connected to and activates the lexeme 
representation of its stem, thus also leading to morphological priming effects. In contrast, 
regular inflections can only be processed through the decompositional route. Thus, if L2 
speakers rely less on the procedural system, morphological priming effects will not be 
found for regular inflections, since the only available route (decomposition) cannot be used. 
They can, however, be found for transparent derivations, since the lexeme route can still 
lead to morphological priming. Therefore, the claim that L2 speakers rely less on the 
procedural system is supposed to be supported by the pattern of priming reported for L2 
speakers by Kirkici and Clahsen (2013), i.e., no morphological priming for regular inflections, 
as opposed to L1, and morphological priming for derivations, as in L1 speakers. 
 As we did not study inflections, we cannot test this version of the Dual Mechanism 
model. However, with regard to transparent derivations, the question remains why previous 
studies in the Dual Mechanism framework have found no or reduced morphological priming 
in L2 speakers (Clahsen & Neubauer, 2010; Silva & Clahsen, 2008). If the lexeme route 
indeed produces morphological priming effects, then equivalent priming effects for 
transparent derivations should have been found in L1 and L2 speakers. Thus, the Dual 
Mechanism model does not provide a unified account for all relevant results. 
 A second caveat can be raised concerning our conclusion that the Dual Mechanism 
model is not supported by our results: We studied advanced speakers of Dutch rather than 
beginners. According to some studies within the Dual Mechanism/DP framework, especially 
low-proficient L2 speakers will rely less on the procedural system during complex-word 
processing. As proficiency increases, processing will become more native-like, in that the 
decompositional route will be used rather than the holistic route (Hahne, Mueller, & Clahsen, 
2006; Liang & Chen, 2014; Pliatsikas & Marinis, 2013). The L2 speakers we studied were 
quite advanced: They had been immersed in Dutch for at least 1.5 years and scored at a 
satisfactory level for the Dutch LexTALE test (Lemhöfer & Broersma, 2012). However, they 
were definitely not native-like, as evidenced by their high error scores for both simple and 
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complex words, significantly higher than those for L1 speakers. In spite of their non-native-
like proficiency, they did show morphological priming for transparent derivations, and no 
difference from L1 speakers was found. It is possible that L2 speakers of lower proficiency 
would show a difference from L1 speakers. However, it would be difficult to investigate this, 
because the lower the proficiency, the fewer (complex) words are known. Indeed, in spite of 
our proficiency requirements, we had to exclude six (Chapter 2) or seven (Chapter 3) of our 
advanced L2 speakers because of too many errors. Alternatively, the role of proficiency 
could be investigated by splitting up the group of advanced L2 speakers into lower- and 
higher-proficient L2 speakers. However, this cannot be done for the current experiments 
because the number of L2 participants is too low for such a division.
 To summarize, our fMRI studies found no differences between L1 and L2 speakers in 
terms of derivation processing. Thus, no evidence was found to support the Dual Mechanism/
DP model’s suggestion that L2 speakers rely more on holistic processing than on 
decomposition. Future research should investigate the role of proficiency in L2 derivation 
processing.
 In terms of language embodiment, no differences between L2 and L1 speakers were 
found either (Chapter 2). L2 speakers showed activation in somatosensory and motor 
regions for simple motor versus non-motor verbs. This was true not only for cognate verbs, 
but also for non-cognate verbs, indicating that the embodiment effects found for L2 
speakers were not due to transfer from their L1. Thus, in contrast with Vukovic and Shtyrov 
(2014) and Dudschig et al. (2014), we did not find any evidence to support the Sense Model: 
Semantic representations in L2 seemed to be rich enough to elicit embodiment effects that 
did not differ from embodiment effects in L1. 
 One difference between our study and the studies mentioned above is the method 
involved: We used fMRI, which has a low temporal resolution, whereas more time-sensitive 
methods were used by Vukovic and Shtyrov (2014) and Dudschig et al. (2014), i.e., EEG and 
the (reaction-time dependent) Stroop paradigm, respectively. Possibly, differences between 
L1 and L2 speakers in terms of embodiment are so short-lived that they cannot be detected 
with a time-insensitive method such as fMRI. 
 Another difference between these studies and our study is the language background of 
the L2 speakers tested. Both Vukovic and Shtyrov (2014) and Dudschig et al. (2014) tested 
German L2 speakers of English, who had received many years of formal training in English 
before living in England (Vukovic & Shtyrov, 2014) or without ever living in an English-speaking 
country (Dudschig et al., 2014). In contrast, most of our L2 participants only learned Dutch 
when they came to the Netherlands: After a short intensive course of Dutch, they were 
immersed in Dutch by living, studying and/or working in the Netherlands. According to both 
Vukovic and Shtyrov (2014) and Dudschig et al. (2014), differences in language embodiment 
between L1 and L2 speakers may arise from differences in the way L1 and L2 are learned. 
A native language will be learned through interaction with people and objects in a variety 
of situations and contexts, allowing associations between language and sensorimotor 
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activation to develop. In contrast, a second language is often learned in a classroom setting, 
limiting the number of interactive situations. Indeed, the German L2 speakers in their 
studies had learned English through formal instruction for many years. However, our 
German L2 speakers learned Dutch mostly through immersion, i.e., in a variety of situations 
promoting associations between language and sensorimotor activation. Possibly, this is the 
reason why we did not find any differences between L1 and L2 speakers: Immersion may 
have led to semantic representations that were as rich in L2 as in L1.
 To summarize, we found no differences in the degree of language embodiment between 
L1 and L2 speakers, possibly because our L2 speakers acquired Dutch mainly through 
immersion. Further research should explore the role of immersion in L2 processing of motor 
words.
Future Research
Some directions for further research have already been suggested. For example, different 
long-lag priming paradigms could be explored further, by comparing the effect of many 
versus few intervening stimuli on the processing of transparent and opaque derivations, or 
by investigating the influence of motor-relatedness in long-lag morphological priming. 
Also, potential differences between particle and prefixed verbs could be investigated further. 
Thus, we could find out whether semantic transparency, type of morphological priming and 
motor-relatedness play similar roles in the processing of the two types of prefix verbs. For this, 
familiarity ratings should be used, as we did in Chapter 4, rather than (or in addition to) frequency 
measures, because the latter underestimate the frequency of particle verbs (see above).
 Another interesting avenue of research involves cross-linguistic differences in the role 
played by the type of morphological priming and by motor-relatedness of the stem in the 
processing of derivations. We investigated Dutch, which has a rich derivational system. 
What would happen in a language with a relatively poor derivational system, such as English 
(Dressler, 2005; Duncan et al., 2009; Haman et al., 2009)? Most of the evidence so far 
indicates that, in English, semantic transparency modulates the priming effect even in the 
pure morphological priming paradigm. This raises the question whether this is also the case 
for motor-relatedness of the stem: Is the lack of derivational richness in English enough for 
motor-relatedness to exert its influence, or is the increased focus on semantic relations, as 
provided in the morpho-semantic priming paradigm, necessary for this to happen? 
 Also, languages with a richer morphology than Dutch could be investigated. For 
example, German has a similarly rich derivational system as Dutch, but richer systems of 
inflection and compounding. It would be interesting to find out whether this leads to an 
increased focus on morphological structure compared to Dutch, such that even in morpho- 
semantic priming, modulation by semantic transparency and/or motor-relatedness does 
not occur. Other interesting languages in this regard are Semitic languages, because their 
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derivational system is richer than in Dutch. By comparing languages with different degrees 
of morphological richness, the influence of this factor and its interaction with type of 
morphological priming and motor-relatedness can be investigated.
 The roles of type of morphological priming and motor-relatedness can be studied not 
only cross-linguistically, but also in L2 derivation processing. As discussed above, some 
studies suggest that there may be differences in sensitivity to morphological structure 
between L1 and L2 speakers. These differences could become evident through the 
comparison of different types of morphological priming, which differ in their focus on 
morphological structure. For example, if L2 speakers are more sensitive to morphological 
structure, semantic transparency and/or motor-relatedness may not play a role in morpho- 
semantic priming. Conversely, if they are less sensitive to morphological structure than L1 
speakers, these factors may play a role even in pure morphological priming. To investigate 
these questions, other language pairs than Dutch and German could be used. This way, not 
only cognate derivations but also non-cognate derivations could be studied. Also, the 
morphological richness of the two languages could be varied, so that the influence of the 
native language of the L2 speakers could be taken into account. In this regard, the roles of 
proficiency and immersion are also worth exploring.
 Finally, rather than limiting the investigation to derivations, the scope could be 
broadened by taking idioms into account. Idioms are conventional multi-word expressions 
with a figurative meaning. They can be semantically transparent or opaque (Nunberg, Sag, 
& Wasow, 1994); for example, the meaning of kick the bucket (‘to die’) is opaque because it 
cannot be derived from its literal meaning. In contrast, cross the line (‘to act inappropriate-
ly’) is relatively transparent because its meaning is (metonymically) related to the literal 
meaning of the idiom. Similar to derivation processing, models of idiom processing differ on 
the question whether idioms are accessed holistically and/or through decomposition 
(Cacciari & Tabossi, 1988; Gibbs, Nayak, & Cutting, 1989; Swinney & Cutler, 1979; Titone & 
Connine, 1999). The role played by semantic transparency in this issue is unclear, as those 
studies reporting semantic transparency did not manipulate it as a factor (Fogliata et al., 
2007; Papagno & Cacciari, 2010; Rommers, Dijkstra, & Bastiaansen, 2012; Zempleni, 
Haverkort, Renken, & Stowe, 2007).
 Recently, there has also been some interest in embodiment effects in idiom processing. 
Several studies have investigated idioms containing motor words to investigate the context- 
dependence of embodiment effects. The results of these studies are inconsistent: Some find 
evidence of engagement of the motor system in the processing of motor-related idioms, 
indicating that embodiment effects occur even in an idiomatic context (Boulenger et al., 
2009; Boulenger, Shtyrov, & Pulvermüller, 2012; Kacinik, 2014); others find no such evidence, 
suggesting that embodiment effects may be context-dependent (Cacciari et al., 2011; 
Cacciari & Pesciarelli, 2013; Cuccio et al., 2014; Desai, Conant, Binder, Park, & Seidenberg, 
2013; Romero Lauro, Mattavelli, Papagno, & Tettamanti, 2013; Schuil et al., 2013). Again, 
although some of these studies measured semantic transparency (Cacciari et al., 2011; 
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Cacciari & Pesciarelli, 2013; Cuccio et al., 2014; Kacinik, 2014), none of them manipulated it 
as a factor. However, post-hoc analyses in Kacinik’s (2014) study showed that the three 
idioms showing embodiment effects were more transparent than the idiom showing no 
embodiment effects. Although the number of stimuli in this study is obviously too small to 
reach conclusions about transparent and opaque idioms in general, the results do suggest 
it might be worth exploring the role of semantic transparency in the processing of 
motor-related idioms.
 As in the processing of derivations, the roles of semantic transparency and motor- 
relatedness in the processing of idioms can be studied using priming. By using different 
types of priming, the role of experimental context can also be taken into account. In one 
type of priming, which would be the equivalent of pure morphological priming, the 
transparent or opaque idiom, containing a motor or non-motor verb, precedes this same 
verb used as a target; for example, cross the line – cross. In another type of priming, the 
equivalent of morpho-semantic priming, the idiom precedes a word semantically related to 
the literal meaning of its verb; for example, cross the line – traverse. The second priming 
type has been used before to find out whether idioms are decomposed or processed 
holistically (Cacciari & Tabossi, 1988; Iakimova, Passerieux, & Hardy-Baylé, 2006; Smolka, 
Rabanus, & Rösler, 2007; Titone, Holzman, & Levy, 2002). 
 By contrasting the two priming types, it could be investigated whether, as in derivation 
processing, different types of priming lead to differential roles of semantic transparency 
and motor-relatedness in determining how idioms are processed. Thus, two questions can 
be answered: First, which factors determine whether idioms are decomposed or processed 
holistically; second, to what extent are embodiment effects context-dependent. 
Conclusions
In this thesis, fMRI and behavioral priming experiments were carried out to investigate the 
processing of derivations and motor words in L1 and L2 speakers of Dutch. We found that, 
in short-lag priming experiments, type of morphological priming influences how derivations 
are processed by L1 speakers of Dutch. Different priming contexts may focus attention on 
different aspects of derivations, i.e., morphological structure in pure morphological priming 
and semantic relations in morpho-semantic priming. This may explain why all derivations 
showed morphological priming effects in the former type of priming, whereas in morpho- 
semantic priming, the occurrence of morphological priming was influenced by semantic 
factors (i.e., semantic transparency and motor-relatedness of the stem). 
 The modulation of the effect of semantic transparency by motor-relatedness in morpho- 
semantic priming indicates that the degree of motor-relatedness does not only influence 
the processing of simple words, but also that of morphologically complex words. In addition, 
our results suggest that morphological priming is not just a neutral tool reflecting how 
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derivations are processed. Instead, the type of morphological priming influences whether or 
not derivations are decomposed. To explain our results, lexical models should incorporate 
the role of the immediate context in determining the balance between decomposition and 
holistic processing for both semantically transparent and semantically opaque derivations.
 German L2 speakers of Dutch showed similar processing strategies as L1 speakers of Dutch, 
both in terms of derivation processing and in terms of embodiment of motor words. First, 
L2 speakers, like L1 speakers, showed embodiment effects for simple verbs. This was the 
case not only for cognates, but also for non-cognates, indicating that these effects were 
not due to transfer from their L1. This challenges the claim that semantic representations in 
L2 are less rich than in L1 (Sense Model). Second, the lack of embodiment effects for opaque 
derivations suggests that the latter may be processed holistically by German L2 speakers of 
Dutch as well as by L1 speakers, at least in a non-priming (or very long-lag priming) context. 
Finally, the repetition suppression effects found for transparent derivations suggest that 
the latter are morphologically decomposed by L2 speakers in a long-lag priming context. 
Thus, no support was found for the claim that L2 speakers rely more on holistic processing 
than L1 speakers (Dual Mechanism/DP Model). 
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Appendices: Chapter 2
Appendix 2A  Self-assessment ratings on Dutch proficiency by L2 speakers
Frequency 
reading 
Dutch
Frequency 
speaking 
Dutch
Frequency 
listening to/ 
watching Dutch 
radio/TV
Total reading 
experience 
Dutch
Total writing 
experience 
Dutch
Total speaking 
experience 
Dutch
5.39 (1.61) 5.39 (1.24) 3.06 (1.92) 5.22 (1.17) 4.83 (1.04) 5.06 (1.11)
Notes. Rating scale: 1-7; shown are means with standard deviations between parentheses.
Appendix 2B  Stimulus characteristics
Complex Verbs Simple  
Cognate Verbs
Simple  
Non-Cognate Verbs
Motor Non-Motor Motor Non-Motor Motor Non-Motor
Length  9.38 (1.64) 8.71 (1.27) 6.33 (1.17) 5.92 (.93) 7.13 (1.30) 7.04 (1.30)
Frequency 1.17 (.49) 1.25 (.51) 2.06 (.60) 2.10 (.70) 1.41 (.50) 1.43 (.55)
Motor-
Relatedness
NA NA 3.68 (.73) 1.50 (.50) 4.24 (.65) 1.71 (.66)
Opacity 2.02 (.56) 2.13 (.54) NA NA NA NA
Notes. Pretests: ratings on a scale of 1-5 (shown are means with standard deviations between parentheses) 
– Motor-Relatedness: 1 = low degree, 5 = high degree of motor-relatedness – Opacity: 1 = high degree, 5 = low 
degree of opacity. Length: number of letters. Frequency: log-transformed raw frequency numbers. NA: Not 
applicable.
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Appendix 2C  Experimental stimuli
Motor Stem
Opaque Complex Cognate Simple Non-Cognate Simple
aanbreken breken schilderen
voordragen dragen gooien
onderdrukken drukken trekken
afhangen hangen duwen
ontheffen heffen knuffelen
weerleggen leggen knippen
toeschrijven schrijven plakken
aanslaan slaan schakelen
aanvangen vangen zwaaien
ontdekken dekken splitsen
opwegen wegen tillen
terugschroeven schroeven prikken
verwikkelen wikkelen knutselen
vergeven geven scheuren
afsteken steken timmeren
verstrijken strijken aaien
besluiten sluiten knoeien
begraven graven snoeien
afwijzen wijzen tonen
beklemmen klemmen spuiten
ontwerpen werpen klappen
mededelen delen tekenen
inzetten zetten vouwen
ondernemen nemen krabben
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Appendix 2C  Continued
Non-Motor Stem
Opaque Complex Cognate Simple Non-Cognate Simple
verdienen dienen groeien
verhoren horen luisteren
afrekenen rekenen wennen
berusten rusten kiezen
onderscheiden scheiden spellen
voorvallen vallen blijken
bijwonen wonen kwetsen
oplossen lossen borrelen
bezorgen zorgen vrezen
verklaren klaren letten
bezweren zweren pesten
behelpen helpen keuren
meetellen tellen schuilen
aanmerken merken gokken
oppassen passen schelen
onteren eren aarzelen
verschijnen schijnen schitteren
verraden raden stomen
wegblijven blijven lusten
toelaten laten sneuvelen
bekennen kennen geuren
verleiden leiden koesteren
verloven loven piekeren
uitleven leven pogen
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Appendix 2D   L2 speakers: Simple Non-Cognate (Motor – Non-Motor) contrast  
[Simple Verb subdesign]
With this contrast, significant clusters of activation were found in somatosensory and 
motor areas, i.e., bilaterally from the parietal operculum to the transverse temporal gyrus 
and, in the right hemisphere, from the precentral gyrus through the central sulcus to the 
postcentral gyrus. Subcortically, significant clusters were revealed in the bilateral amygdala. 
All these clusters overlap with the clusters found for the Simple Motor versus Non-Motor 
verb contrast (i.e., including both cognate and non-cognate verbs). Finally, a significant 
cluster was found in the right anterior medial frontal gyrus. This cluster overlaps with the 
executive control region identified in the interaction between Cognate Status and Motor- 
Relatedness ([Simple Non-Cognate (Motor – Non-Motor) – Simple Cognate (Motor – 
Non-Motor)] contrast).
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Appendix 3A  Mean ratings: Self-assessment of Dutch proficiency by L2 speakers
Frequency 
reading 
Dutch
Frequency 
speaking 
Dutch
Frequency 
listening to/ 
watching Dutch 
radio/TV
Total reading 
experience 
Dutch
Total writing 
experience 
Dutch
Total speaking 
experience 
Dutch
5.24 (1.48) 5.52 (1.25) 2.95 (1.94) 5.19 (1.12) 4.90 (1.04) 5.19 (1.17)
Notes. Rating scale: 1-7. Standard deviations in parentheses.
Appendix 3B  Stimulus characteristics
Complex Verbs Stems
Primed Unprimed Primes Fillers
Length 8.94 (1.26) 9.14 (1.40) 6.31 (1.11) 6.43 (1.38)
Frequency 1.00 (0.41) 0.96 (0.47) 2.15 (0.59) 2.29 (0.74)
Transparency 3.61 (0.60) 3.51 (0.59) - - 
Motor-Relatedness - - 2.69 (1.22) 2.56 (1.17)
Notes. Length: number of letters. Frequency: log-transformed raw frequency numbers. Transparency: rated on 
a scale of 1-5 (1 = low degree, 5 = high degree of transparency). Motor-Relatedness: rated on a scale of 1-5  
(1 = low degree, 5 = high degree of motor-relatedness). Means are shown with standard deviations in 
parentheses. -: Not applicable.
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Appendix 3C  Experimental stimuli
Prime 
(Stem)
Primed Target
(Complex Verb)
Separable? Unprimed Target 
(Complex Verb)
Separable?
breken
dragen
drukken
hangen
leggen
schrijven
vangen
geven
steken
strijken
graven
wijzen
klemmen
schroeven
wikkelen
wegen
sluiten
nemen
dekken
horen
rekenen
rusten
scheiden
zorgen
leven
helpen
tellen
merken
laten
schijnen
wonen
vallen
passen
dienen
zweren
afbreken
meedragen
aandrukken
ophangen
wegleggen
opschrijven
opvangen
teruggeven
insteken
bestrijken
opgraven
aanwijzen
vastklemmen
vastschroeven
omwikkelen
afwegen
afsluiten
meenemen
bedekken
aanhoren
uitrekenen
uitrusten
afscheiden
verzorgen
samenleven
meehelpen
aftellen
bemerken*
loslaten
beschijnen
bewonen
omvallen
aanpassen
bedienen
afzweren+
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
no
yes
yes
yes
no
yes
no
no
yes
yes
no
yes
opvreten
uitroepen
toespreken
nazeggen
meegaan
meekomen
weglopen
opspringen
opstaan
betreden
omkeren
besnuffelen
wegbrengen
aanduiden
afwenden
vasthouden
afmeten
terugdringen
omvatten
afsterven
inoefenen*+
uitbloeien+
afwisselen
inslapen
beantwoorden
uitzoeken
betwijfelen
opschrikken
aanvoelen
doordenken
terugvinden
weerzien
bestralen
misgunnen*
overbieden
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
no
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
no
yes
no
yes
yes
yes
yes
yes
no
no
no
Notes.  *: excluded in the L1 data analysis; +: excluded in the L2 data analysis.
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Appendix 3D  Whole-brain analyses: List of significant activations
Both groups L1 L2
Contrast Brain Region MNI x y z Nr Vox Brain Region MNI x y z Nr Vox Brain Region MNI x y z Nr Vox
Unprimed – 
Primed
  
LIFG: pars orbitalis  -42 30 -6 347 LIFG: pars orbitalis  -40 30 -10 1454
LIFG: pars opercularis  -60 16 18 259 LIFG: pars opercularis  -58 14 20
L supramarginal gyrus  -54 -42 26 153 L supramarginal gyrus  -52 -36 36     39
L superior temporal sulcus  -56 -32 4 105 L superior temporal sulcus  -58 -32 6 39
L & R medial superior frontal gyrus  -12 8 70
 6 12 58
161
Primed – 
Unprimed  
L insula/superior temporal gyrus  -46 -14 0 145 L superior temporal gyrus
L insula
 -48 -14 0
 -42 0 -8
  477
R superior temporal gyrus  38 -50 14   70 R superior temporal gyrus/insula  48 -8 -2   919
R parahippocampal gyrus/
hippocampus
 34 -20 -18   96 R parahippocampal gyrus  32 -22 -20   173
L & R cerebellum  -4 -40 -14
 4 -40 -12
  65 L dorsal insula  -34 -26 20     89
R inferior parietal lobule  42 -46 40   92 R dorsal insula  34 0 16   124
Interaction:  
L1 (uP – P) – L2 
(uP – P)
L insula  -38 -20 2   75 - -
R insula  38 -12 4   82 - -
Notes. Listing of activations for the main effect of Priming and the Language by Priming interaction in the 
whole-brain analyses. MNI-coordinates of the maximally activated voxels are shown. Correction for multiple 
comparisons at p < .05 resulting from the combination of a voxel-level p-value of p <.005 (uncorrected) with a 
minimum cluster size of 65 voxels (Forman et al., 1995; Slotnick et al., 2003). Italics used for clusters just below 
this threshold. Nr Vox: number of voxels; L: left-hemisphere; R: right-hemisphere; uP: Unprimed; P: Primed; 
LIFG: left inferior frontal gyrus; -: not applicable.
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Appendix 3D  Whole-brain analyses: List of significant activations
Both groups L1 L2
Contrast Brain Region MNI x y z Nr Vox Brain Region MNI x y z Nr Vox Brain Region MNI x y z Nr Vox
Unprimed – 
Primed
  
LIFG: pars orbitalis  -42 30 -6 347 LIFG: pars orbitalis  -40 30 -10 1454
LIFG: pars opercularis  -60 16 18 259 LIFG: pars opercularis  -58 14 20
L supramarginal gyrus  -54 -42 26 153 L supramarginal gyrus  -52 -36 36     39
L superior temporal sulcus  -56 -32 4 105 L superior temporal sulcus  -58 -32 6 39
L & R medial superior frontal gyrus  -12 8 70
 6 12 58
161
Primed – 
Unprimed  
L insula/superior temporal gyrus  -46 -14 0 145 L superior temporal gyrus
L insula
 -48 -14 0
 -42 0 -8
  477
R superior temporal gyrus  38 -50 14   70 R superior temporal gyrus/insula  48 -8 -2   919
R parahippocampal gyrus/
hippocampus
 34 -20 -18   96 R parahippocampal gyrus  32 -22 -20   173
L & R cerebellum  -4 -40 -14
 4 -40 -12
  65 L dorsal insula  -34 -26 20     89
R inferior parietal lobule  42 -46 40   92 R dorsal insula  34 0 16   124
Interaction:  
L1 (uP – P) – L2 
(uP – P)
L insula  -38 -20 2   75 - -
R insula  38 -12 4   82 - -
Notes. Listing of activations for the main effect of Priming and the Language by Priming interaction in the 
whole-brain analyses. MNI-coordinates of the maximally activated voxels are shown. Correction for multiple 
comparisons at p < .05 resulting from the combination of a voxel-level p-value of p <.005 (uncorrected) with a 
minimum cluster size of 65 voxels (Forman et al., 1995; Slotnick et al., 2003). Italics used for clusters just below 
this threshold. Nr Vox: number of voxels; L: left-hemisphere; R: right-hemisphere; uP: Unprimed; P: Primed; 
LIFG: left inferior frontal gyrus; -: not applicable.
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Appendix 3E  Further discussion of whole-brain results
The whole-brain analysis over both groups revealed additional effects in frontal, parietal 
and cerebellar regions. Repetition suppression effects were found in the left supramarginal 
gyrus (SMG) and the bilateral pre-supplementary motor area (pre-SMA). The left SMG has 
been associated with phonological processing (Jobard, Crivello, & Tzourio-Mazoyer, 2003; 
Xu et al., 2001), although some evidence of its involvement in semantic processing has been 
found, too (Stoeckel, Gough, Watkins, & Devlin, 2009). The whole-brain analyses of the two 
language groups separately suggest that the repetition suppression effect in the left SMG 
may have been primarily driven by the L2 speakers, as they showed a cluster in this region 
just below significance. As a reminder, the L1 speakers showed a repetition suppression 
effect that was just below significance in the left pSTS. Possibly, there is a shift in the 
importance of the left pSTS to the left SMG for phonological processing by L2 speakers 
compared to L1 speakers. This is speculative, though, since there was no interaction between 
Priming and Language in these areas. 
 The pre-SMA has been found to be involved in higher-level planning of motor activity 
(e.g., Picard & Strick, 1996). The repetition suppression effect in this area suggests that 
responses to primed compared to unprimed complex verbs were facilitated due to the 
previous presentation of the stem prime. Thus, this effect seems to be the result of response 
priming rather than morphological priming.
 Further repetition enhancement effects were found in the bilateral cerebellum and the 
right inferior parietal lobule (IPL). The cerebellum has been shown to be involved in language 
processing, such as semantic, phonological and morphological processing (De Smet, 
Paquier, Verhoeven, & Mariën, 2013). Support for the involvement of the cerebellum in 
morphological processing comes from several fMRI studies on inflections (Laine et al., 
1999; Pliatsikas, Johnstone, et al., 2014).
 Finally, the right IPL has been associated with semantic processing, more specifically 
the creation of meaning from distant associations (Subramaniam, Faust, Beeman, & Mashal, 
2012). The repetition enhancement effect in this area could perhaps be due to more 
elaborated semantic integration for primed compared to unprimed transparent derivations.
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Appendix 4A  Experimental stimuli
Experiment 1
Complex Verb Stem Unrelated Prime
Non-Motor uitblinken blinken tikken
Opaque bijwonen wonen hopen
inwinnen winnen bellen
opfokken fokken toetsen
wegcijferen cijferen huppelen
aansporen sporen vieren
opluchten luchten haasten
inleiden leiden wekken
omkopen kopen laden
opvallen vallen komen
afdanken danken zwemmen
aandienen dienen trekken
oppassen passen steunen
aanbevelen bevelen glijden
voorlichten lichten schatten
samenzweren zweren kosten
opwegen wegen snappen
toekennen kennen ademen
aanstichten stichten schuiven
oplossen lossen haten
meeleven leven nemen
uitblijven blijven vragen
Non-Motor doorslapen slapen weten
Transparent aandurven durven heten
opbranden branden raden
aanhoren horen sterven
uitkiezen kiezen bouwen
uitproberen proberen wandelen
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Appendix 4A  Continued
Complex Verb Stem Unrelated Prime
uitrusten rusten krijgen
opschrikken schrikken klimmen
nastreven streven roeren
nadenken denken houden
terugvinden vinden praten
afkoelen koelen mijden
afwisselen wisselen worstelen
optellen tellen redden
toewensen wensen kloppen
aanleren leren brengen
uitrekenen rekenen naderen
opeisen eisen koken
opgroeien groeien waaien
opdrogen drogen rukken
opzwellen zwellen glanzen
aanvoelen voelen sluiten
Motor opschieten schieten liggen
Opaque aantekenen tekenen weigeren
afpersen persen helpen
uitroeien roeien vullen
afhaken haken blaffen
toestaan staan zaaien
toezeggen zeggen halen
afsteken steken zwerven
oplopen lopen heersen
aanvangen vangen roken
afhangen hangen noemen
aanbreken breken boeien
aanslaan slaan wachten
uitvreten vreten smeken
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Appendix 4A  Continued
Complex Verb Stem Unrelated Prime
onderduiken duiken storen
ingrijpen grijpen zitten
doordraaien draaien dwingen
bijspijkeren spijkeren piekeren
omspringen springen plaatsen
opdragen dragen snijden
aantasten tasten hijgen
toegeven geven menen
Motor uitspreken spreken zoeken
Transparent toekijken kijken gaan
uitknippen knippen reizen
opeten eten vrezen
opschrijven schrijven rijden
opdrinken drinken lezen
doorslikken slikken raken
meezingen zingen bieden
optillen tillen luisteren
uitroepen roepen schudden
weggooien gooien tonen
aanwijzen wijzen missen
wegduwen duwen schenken
afhakken hakken wedden
wegslepen slepen schrapen
wegrennen rennen kleden
dichtknijpen knijpen leveren
vastklemmen klemmen schamen
opgraven graven merken
oprapen rapen pleiten
wegkruipen kruipen gieten
afpakken pakken melden
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Appendix 4A  Continued
Experiment 2
Target Related Prime Unrelated Prime
Non-Motor blinken uitblinken aansluiten
Opaque wonen bijwonen onderdoen
winnen inwinnen aanroeren
fokken opfokken opvatten
cijferen wegcijferen terugschroeven
sporen aansporen bijleggen
luchten opluchten doorzetten
leiden inleiden aanwenden
kopen omkopen afblazen
vallen opvallen bijwerken
danken afdanken voorstellen
dienen aandienen opboksen
passen oppassen uitdagen
bevelen aanbevelen aanschaffen
lichten voorlichten doordraven
zweren samenzweren uitoefenen
wegen opwegen opstropen
kennen toekennen ophouden
stichten aanstichten opbrengen
lossen oplossen inrichten
leven meeleven voornemen
blijven uitblijven natrekken
Non-Motor slapen doorslapen aanbieden
Transparent durven aandurven uitladen
branden opbranden opvragen
horen aanhoren uitsterven
kiezen uitkiezen opbouwen
proberen uitproberen rondwandelen
rusten uitrusten meekrijgen
schrikken opschrikken opklimmen
streven nastreven opwaaien
denken nadenken opheffen
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Appendix 4A  Continued
Target Related Prime Unrelated Prime
vinden terugvinden uitpraten
koelen afkoelen inschatten
wisselen afwisselen opstapelen
tellen optellen wegglijden
wensen toewensen aankloppen
leren aanleren opschuiven
rekenen uitrekenen inademen
eisen opeisen ophalen
groeien opgroeien meespelen
drogen opdrogen opbellen
zwellen opzwellen aanreiken
voelen aanvoelen opbergen
Motor schieten opschieten aandringen
Opaque tekenen aantekenen opleveren
persen afpersen opscheppen
roeien uitroeien toespitsen
haken afhaken omgaan
staan toestaan afzien
zeggen toezeggen voortvloeien
steken afsteken uitdrukken
lopen oplopen afkraken
vangen aanvangen aanmerken
hangen afhangen oprukken
breken aanbreken inkleden
slaan aanslaan aanraden
vreten uitvreten aansmeren
duiken onderduiken samenspannen
grijpen ingrijpen meezitten
draaien doordraaien doorhebben
spijkeren bijspijkeren toetakelen
springen omspringen aantreffen
dragen opdragen aftreden
tasten aantasten omkomen
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Appendix 4A  Continued
Target Related Prime Unrelated Prime
geven toegeven toelaten
Motor spreken uitspreken uitzoeken
Transparent kijken toekijken doorsnijden
knippen uitknippen afreizen
eten opeten omkeren
schrijven opschrijven wegrijden
drinken opdrinken voorlezen
slikken doorslikken aanraken
zingen meezingen intoetsen
tillen optillen afluisteren
roepen uitroepen uitschudden
gooien weggooien opsnuiven
wijzen aanwijzen opruimen
duwen wegduwen inschenken
hakken afhakken oproken
slepen wegslepen aanduiden
rennen wegrennen afschrapen
knijpen dichtknijpen afwachten
klemmen vastklemmen toejuichen
graven opgraven opnoemen
rapen oprapen inhuren
kruipen wegkruipen uitgieten
pakken afpakken aanmelden
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Appendix 4A  Continued
Experiment 3
Complex Verb Related Prime Unrelated Prime
Non-Motor uitblinken glanzen tikken
Opaque bijwonen hut vlam
inwinnen spel schip
opfokken telen dolen
wegcijferen nummer leger
aansporen trein tekst
opluchten raam rug
inleiden heersen wekken
omkopen huren laden
opvallen wankelen giechelen
afdanken bidden innen
aandienen knecht leeuw
oppassen maat bron
aanbevelen dwang stro
voorlichten zon hout
samenzweren wond aap
opwegen schaal klacht
toekennen studeren ademen
aanstichten bouwen vliegen
oplossen vracht klier
meeleven huis hoofd
uitblijven houden vragen
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Appendix 4A  Continued
Complex Verb Related Prime Unrelated Prime
Non-Motor doorslapen nacht boek
Transparent aandurven lef tip
opbranden kaars riem
aanhoren luisteren sterven
uitkiezen optie metro
uitproberen testen naaien
uitrusten liggen krijgen
opschrikken knal das
nastreven doel brief
nadenken piekeren wapperen
terugvinden speuren slijten
afkoelen hitte toren
afwisselen beurt geur
optellen som saus
toewensen hopen kloppen
aanleren oefenen twijfelen
uitrekenen procent plezier
opeisen willen maken
opgroeien kind dag
opdrogen water wereld
opzwellen buil ruis
aanvoelen merken sluiten
Motor opschieten kogel laken
Opaque aantekenen schets schuim
afpersen sap spin
uitroeien boot ziel
afhaken breien blaffen
toestaan been geest
toezeggen noemen halen
afsteken mes tas
oplopen hollen spotten
aanvangen lasso radijs
afhangen strop zwaan
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Appendix 4A  Continued
Complex Verb Related Prime Unrelated Prime
aanbreken scherf meeuw
aanslaan stok stam
uitvreten smullen wieden
onderduiken zwemmen storen
ingrijpen reiken barsten
doordraaien wenden letten
bijspijkeren hamer rimpel
omspringen huppelen tintelen
opdragen steunen snijden
aantasten strelen hijgen
toegeven bieden menen
Motor uitspreken praten zoeken
Transparent toekijken zien gaan
uitknippen schaar stoom
opeten honger heuvel
opschrijven pen wiel
opdrinken dorst duif
doorslikken keel jood
meezingen koor fonds
optillen heffen vrezen
uitroepen schreeuwen schudden
weggooien smijten pleiten
aanwijzen vinger einde
wegduwen schuiven schenken
afhakken bijl roem
wegslepen sleuren schrapen
wegrennen vluchten kleden
dichtknijpen tang slak
vastklemmen hechten schamen
opgraven schop start
oprapen sprokkelen knuppelen
wegkruipen sluipen gieten
afpakken stelen melden
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Talen bevatten tienduizenden of zelfs honderdduizenden woorden, afhankelijk van de 
manier waarop ze geteld worden. Bovendien evolueert de woordenschat van een taal 
voortdurend: nieuwe woorden worden gevormd, en bestaande woorden raken verouderd. 
Een van de manieren waarop nieuwe woorden worden gevormd is afleiding. Een woord als 
aanleren, bijvoorbeeld, is afgeleid van leren, door toevoeging van het voorvoegsel aan- aan 
de stam leren. Afleidingen bestaan dus uit meer dan één betekenisvolle taalkundige eenheid 
of morfeem; met andere woorden, ze zijn morfologisch complex.
 Om een woord te kunnen begrijpen, moet de taalgebruiker toegang krijgen tot de 
betekenis of semantische representatie die verbonden is aan dit woord in het lexicale 
geheugen. Door hun morfologische complexiteit kunnen afleidingen potentieel op verschillende 
manieren bereikt worden in het lexicale geheugen: rechtstreeks, door de koppeling tussen 
de lexicale representatie van de afleiding in haar geheel en haar semantische representatie 
in haar geheel; of via haar morfologische componenten en hun geassocieerde semantische 
representaties. De eerste toegangsroute noemt men ‘holistische verwerking’; de tweede 
route noemt men ‘decompositie’.
 Welke van deze routes gebruikt wordt bij de verwerking van afleiding is mogelijk 
afhankelijk van het type afleiding. Afleidingen zoals aanleren kan men begrijpen door de 
betekenissen van hun morfologische componenten aan- en leren te combineren. Anders 
gezegd, ze zijn ‘semantisch transparant’. De betekenis van afleidingen zoals toegeven, 
daarentegen, kan niet afgeleid worden van de betekenis van hun samenstellende delen. 
Dergelijke afleidingen noemt men ‘semantisch niet-transparant’. In vele studies zijn 
aanwijzingen gevonden dat, tenminste in het Engels, transparante afleidingen een proces 
van decompositie ondergaan, terwijl niet-transparante afleidingen holistisch verwerkt 
worden (bv., Marslen-Wilson, Tyler, Waksler, & Older, 1994). Of dit ook het geval is in het 
Nederlands is niet duidelijk.
 Afleidingen verschillen niet alleen van elkaar op het vlak van semantische transparantie, 
maar ook wat betreft de ‘motorgerelateerdheid’ van hun stam. Afleidingen zoals toegeven 
bevatten een stam die verwijst naar een actie waarvoor het gebruik van bepaalde spieren 
nodig is. Een dergelijke stam noemt men een ‘motorstam’. Andere afleidingen bevatten een 
niet-motorstam, bijvoorbeeld aanleren. In vele studies zijn verschillen gevonden in de 
verwerking van morfologisch niet-complexe motor- en niet-motorwoorden op het gebied 
van verwerkingssnelheid en van de betrokken hersengebieden (bv., Hauk, Johnsrude, & 
Pulvermüller, 2004; Sidhu, Kwan, Pexman, & Siakaluk, 2014). Als een woord als geven 
inderdaad anders verwerkt wordt dan een woord als leren, dan kan men de vraag stellen of 
er gelijkaardige verschillen bestaan tussen afleidingen die deze woorden bevatten als stam, 
bijvoorbeeld toegeven en aanleren. Het effect van motorgerelateerdheid op de verwerking 
van complexe woorden zoals afleidingen is echter nauwelijks onderzocht.
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 De manier waarop afleidingen worden verwerkt is mogelijk niet alleen afhankelijk van 
het type van afleiding, maar ook van de vaardigheid in een bepaalde taal: een moedertaal-
spreker gebruikt misschien een andere strategie dan een niet-moedertaalspreker. Een niet- 
moedertaalspreker zou bijvoorbeeld kunnen proberen om de betekenis van elke afleiding te 
construeren op basis van de betekenis van de samenstellende delen, ook bij semantisch 
niet-transparante afleidingen. Een moedertaalspreker van het Engels, daarentegen, zou een 
holistische verwerkingsstrategie gebruiken bij semantisch niet-transparante afleidingen. 
Omgekeerd zou de morfologische structuur van een afleiding minder duidelijk kunnen zijn 
voor een niet-moedertaalspreker dan voor een moedertaalspreker. In dat geval zou een 
niet-moedertaalspreker een holistische verwerkingsstrategie kunnen gebruiken bij elk type 
van afleiding, dus ook bij transparante afleidingen. Een moedertaalspreker van het Engels, 
daarentegen, zou decompositie gebruiken bij transparante afleidingen.
 De verwerking van afleidingen kan ten slotte ook afhangen van de context. Om dit te 
illustreren kunnen we een voorbeeld gebruiken uit de visuele verwerking. Stel, je hebt twee 
afbeeldingen van een auto. In de ene afbeelding wordt deze auto omringd door auto- 
onderdelen (zoals wielen, deuren, enz.). In de andere wordt de auto omringd door andere 
types van voertuigen (zoals een bus, een trein, enz.). Door de context zal de aandacht van 
de kijker bij de eerste afbeelding mogelijk gericht worden op de auto-onderdelen van de 
afgebeelde auto, terwijl de context in de andere afbeelding misschien eerder een holistische 
verwerking van de auto zal aanmoedigen. Op een vergelijkbare manier zouden de woorden 
die een afleiding begeleiden de aandacht kunnen richten op de samenstellende delen van de 
afleiding, wat tot decompositie zou leiden, of op de afleiding in haar geheel, wat tot een 
holistische verwerking zou leiden.
 In deze thesis werd de verwerking van Nederlandse afgeleide werkwoorden onderzocht 
bij moedertaalsprekers (of ‘L1-sprekers’) van het Nederlands en bij niet-moedertaalsprekers 
(of ‘L2-sprekers’) van het Nederlands met Duits als hun moedertaal (verder ook ‘Duitse 
L2-sprekers van het Nederlands’ genoemd). Meer specifiek werd de rol van motorgerela-
teerdheid, experimentele context en taalgroep nader bestudeerd bij de verwerking van 
afleidingen. In de volgende sectie wordt een overzicht gegeven van de experimenten en hun 
resultaten.
Experimentele bevindingen
In hoofdstuk 2 gebruikten we ‘functional magnetic resonance imaging’ (fMRI) om de 
verwerking van semantisch niet-transparante afleidingen te bestuderen. fMRI is een beeld-
vormingstechniek waarbij gebruik wordt gemaakt van de magnetische eigenschappen van 
zuurstof in het bloed om de locatie van activiteit in de hersenen af te leiden. We onderzochten 
ten eerste of we motorgerelateerde activaties konden vinden bij semantisch niet-transpa-
rante afgeleide werkwoorden met een motorstam, bv. ontwerpen, als we ze vergeleken met 
hetzelfde type morfologisch complexe werkwoorden met een niet-motorstam, bv. verraden, 
en dat zowel in Nederlandse L1-sprekers als in Duitse L2-sprekers van het Nederlands. Meer 
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specifiek werd nagegaan of niet-transparante afleidingen met een motorstam, vergeleken 
met hetzelfde type afleidingen met een niet-motorstam, leiden tot verhoogde activatie in 
somatosensorische en motorische corticale gebieden in deze twee taalgroepen. Dergelijke 
effecten (kortweg ‘embodiment’-effecten genoemd) zouden een aanwijzing vormen dat de 
stam van deze niet-transparante werkwoorden bereikt werd in het lexicaal-semantische 
geheugen; met andere woorden, dat er decompositie optreedt in plaats van holistische 
verwerking.
 Mogelijke embodimenteffecten werden ook buiten de context van afleidingen 
onderzocht, door de activatie voor morfologische simpele motorwerkwoorden te vergelijken 
met die voor morfologisch simpele niet-motorwerkwoorden, opnieuw in beide taalgroepen. 
We keken hier zowel naar Nederlandse werkwoorden die een vergelijkbare of gelijke vorm en 
betekenis hebben in het Nederlands en het Duits (zogenaamde cognaten, bijvoorbeeld 
nemen-nehmen), als naar Nederlandse werkwoorden die geen vertaalequivalent met 
vergelijkbare vorm in het Duits hebben (niet-cognaten, bijvoorbeeld gooien-werfen). 
 Om deze vragen te onderzoeken kregen deelnemers van de twee taalgroepen ‘lexicale 
decisie’ als taak: bij elk woord dat ze te zien kregen, gaven de deelnemers aan of ze dachten 
dat het een werkelijk bestaand woord was of niet. De afgebeelde woorden waren Nederlandse 
cognate (bv. nemen) en niet-cognate (bv. gooien) morfologisch simpele werkwoorden, en 
niet-transparante afgeleide werkwoorden met de cognate werkwoorden als hun stam (bv. 
ondernemen). Simpele werkwoorden en de stammen van afgeleide werkwoorden waren 
motorgerelateerd (bv. nemen) of niet-motorgerelateerd (bv. eren).
 Op basis van vroegere studies verwachtten we bij L1-sprekers motorgerelateerde 
activatie te vinden voor simpele motorwerkwoorden maar niet voor niet-transparante 
afleidingen met een motorstam. Voorspellingen voor L2-sprekers van het Nederlands waren 
moeilijker te maken omwille van het gebrek aan literatuur ter zake. We verwachtten bij 
L2-sprekers alleen motorgerelateerde activaties te vinden als de semantische representaties 
van de woorden in hun L2 gedetailleerd genoeg waren. De resultaten voor niet-transparante 
afleidingen zouden ook afhankelijk zijn van de verwerkingsstrategie gebruikt door 
L2-sprekers: motorgerelateerde activaties zouden mogelijk zijn als de niet-transparante 
woorden verwerkt worden via decompositie, terwijl we geen motorgerelateerde activaties 
zouden vinden als ze holistisch verwerkt worden.
 De resultaten voor niet-transparante afgeleide werkwoorden gaven aan dat er geen 
activatie was in somatosensorische of motorische gebieden wanneer afleidingen met een 
motorstam vergeleken werden met afleidingen met een niet-motorstam. Als L1- en L2- sprekers 
samen geanalyseerd werden, vonden we significante interacties tussen morfologische 
complexiteit en motorgerelateerdheid in somatosensorische en motorische gebieden. Deze 
effecten werden veroorzaakt door verhoogde activatie voor simpele motorwerkwoorden 
vergeleken met niet-motorwerkwoorden, zonder dat er een verschil in activatie was tussen 
niet-transparante werkwoorden met motorstam versus met niet-motorstam. Dit is een 
indicatie dat er geen decompositie was van niet-transparante afleidingen. 
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 Ook als de twee taalgroepen apart werden geanalyseerd, werd er geen verschil gevonden 
in activatie in somatosensorische en motorische gebieden tussen niet-transparante werkwoorden 
met motorstam en met niet-motorstam. De interactie tussen morfologische complexiteit en 
motorgerelateerdheid was echter niet altijd significant in de ‘region of interest’ (ROI)-
analyses, en was alleen significant in de ‘whole-brain’-analyses als een andere significantie-
drempel werd gebruikt. 
 We kunnen besluiten dat noch bij L1- noch bij L2-sprekers aanwijzingen werden 
gevonden van decompositie van niet-transparante complexe werkwoorden. Deze resultaten 
moeten echter voorzichtig geïnterpreteerd worden, omdat de interactie tussen morfologische 
complexiteit en motorgerelateerdheid niet altijd significant was.
 De resultaten voor morfologisch simpele werkwoorden waren duidelijker. Simpele 
motor werkwoorden, vergeleken met simpele niet-motorwerkwoorden, leidden tot activatie 
van somatosensorische en motorische hersengebieden in beide taalgroepen. Het is belangrijk 
hierbij aan te geven dat dit effect bij L2-sprekers niet beperkt was tot cognate simpele 
werkwoorden, maar ook aanwezig was bij niet-cognate simpele werkwoorden, dus bij 
werkwoorden die vormelijk niet leken op hun Duitse vertaalequivalenten. Daarnaast waren 
er bij L2-sprekers ook verschillende prefrontale en cingulate gebieden betrokken bij het 
verwerken van cognate en niet-cognate simpele motorwerkwoorden. Dit is waarschijnlijk 
het gevolg van de verschillende beslissingsgerelateerde processen die in een vreemde taal 
geassocieerd zijn met de twee types werkwoorden.
 De motorgerelateerde activaties die gevonden werden bij L2-sprekers zijn een indicatie 
dat semantische representaties in een vreemde taal rijk genoeg zijn om een vergelijkbare 
betrokkenheid toe te laten van somatosensorische en motorische hersengebieden als in een 
moedertaal. De aanwezigheid van deze effecten bij zowel cognate als niet-cognate simpele 
werkwoorden geeft bovendien aan dat ze niet enkel werden veroorzaakt door beïnvloeding 
vanuit de moedertaal van de L2-sprekers.
 In hoofdstuk 3 werd de focus verlegd naar semantisch transparante afgeleide werkwoorden. 
We onderzochten of er decompositie was van deze werkwoorden in zowel L1- als L2-sprekers van 
het Nederlands. Hiervoor combineerden we fMRI met ‘long-lag’ morfologische priming. Bij deze 
techniek worden complexe woorden (de ‘target’) gepresenteerd nadat een van hun samenstellende 
delen (de ‘prime’) getoond werd (of omgekeerd), waarbij verschillende andere woorden de prime 
van de target scheiden. Een dergelijke herhaling van samenstellende delen kan leiden tot ‘repetition 
suppression’, een verminderde activatie in een bepaald hersengebied voor ‘geprimede’ vergeleken 
met ‘niet-geprimede’ targets. Deze vermindering in activatie zou veroorzaakt worden door snellere 
of meer efficiënte verwerking van de geprimede woorden in het betrokken hersengebied, door de 
toepassing van dezelfde processen op de prime als op het geprimede woord. Stel dat een bepaald 
hersengebied een repetition-suppressioneffect vertoont voor afleidingen die geprimed zijn door 
hun stam, vergeleken met niet-geprimede afleidingen, dan is dat dus een indicatie dat, in dat 
hersengebied, de verwerking van de afleiding ook verwerking van de prime veronderstelt; met 
andere woorden, dat er decompositie optreedt bij afleidingen.
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 In het experiment werden transparante afgeleide werkwoorden (bv. meenemen) 
voorafgegaan door hun stam (bv. nemen; geprimede conditie) en vergeleken met transparante 
afgeleide werkwoorden (bv. opstaan) die niet voorafgegaan werden door hun stam (niet-
geprimede conditie). Bij L1-sprekers verwachtten we dat er een repetition-suppression-
effect zou optreden in de linker gyrus frontalis inferior (LIFG), een hersengebied waarvoor 
in vroegere studies al werd aangetoond dat het betrokken is bij de morfologische verwerking 
van complexe woorden. Dit effect zou aangeven dat er decompositie optreedt bij de 
verwerking van transparante afleidingen door L1-sprekers. Bij L2-sprekers waren er twee 
mogelijkheden. Als de hypothese correct is dat L2-sprekers minder gebruik maken van 
decompositie dan L1-sprekers, dan zouden we geen (of een kleiner) repetition-suppression-
effect verwachten in de LIFG. Als deze hypothese niet correct is, dan zouden we een 
vergelijkbaar repetition-suppressioneffect moeten vinden bij de twee taalgroepen.
 De resultaten toonden aan dat er inderdaad een repetition-suppressioneffect optrad in 
de LIFG als beide taalgroepen samen geanalyseerd werden, en als de L2-sprekers apart 
geanalyseerd werden. Dit was niet het geval bij L1-sprekers. Door het gebrek aan interacties 
tussen primingconditie en taalgroep is het echter niet mogelijk om duidelijke conclusies te 
trekken over de verwerking van transparante afleidingen in de L1-groep. Bij de analyses over 
de beide taalgroepen heen werd er ook nog een repetition-suppressioneffect gevonden in 
de linker sulcus temporalis superior posterior (LpSTS). Daarnaast werden er ‘repetition 
 enhancement’-effecten gevonden in gebieden zoals de bilaterale gyrus temporalis superior 
en de hippocampus. Bij repetition-enhancementeffecten wordt verhoogde activatie 
gevonden in een bepaald hersengebied bij geprimede stimuli vergeleken met niet-geprimede 
stimuli. Deze verhoogde activatie zou veroorzaakt zijn door bijkomende verwerkingsprocessen 
voor geprimede dan voor niet-geprimede stimuli in het betreffende gebied. In dit experiment 
werden de repetition-enhancementeffecten in de bilaterale gyrus temporalis superior en de 
hippocampus ook gevonden als L2-sprekers apart geanalyseerd werden. Mogelijk zijn ze 
het gevolg van een taalleereffect bij de L2-sprekers. De repetition-suppressioneffecten die 
gevonden werden in de LIFG en de LpSTS wijzen erop dat er toegang was tot de stammen 
van de transparante afleidingen. De LIFG controleert mogelijk de toegang tot hun 
representaties, die op hun beurt mogelijk opgeslagen zijn in de LpSTS. De resultaten 
suggereren dus dat er bij L2-sprekers decompositie optreedt van transparante afgeleide 
werkwoorden in plaats van holistische verwerking.
 In hoofdstuk 4 werd een aantal bijkomende factoren in de verwerking van afleidingen 
onderzocht in een reeks van gedragsexperimenten, meer specifiek ‘short-lag’ priming-
experimenten (m.a.w. experimenten waarbij prime en target elkaar onmiddellijk opvolgen, 
zonder tussenliggende woorden). Naast semantische transparantie werd de mogelijke rol 
van experimentele context bestudeerd door twee types morfologische priming te vergelijken. 
In Experiment 1 en 2 werd het eerste type onderzocht, namelijk pure morfologische priming 
(priming tussen afleidingen en hun stam, bv. duiken – onderduiken); in Experiment 3 kwam 
het tweede type aan bod, nl. morfo-semantische priming (priming tussen afleidingen en 
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woorden die semantisch gerelateerd zijn aan hun stam, bv. zwemmen – onderduiken). De rol 
van experimentele context werd ook onderzocht door twee volgordes in morfologische 
priming te gebruiken (stam – afleiding: Experiment 1; afleiding – stam: Experiment 2). 
Daarnaast werd de invloed van motorgerelateerdheid geanalyseerd door afleidingen met 
motorstam te vergelijken met afleidingen met non-motorstam (bv. onderduiken vs. 
uitblinken; Experiment 1-3). In elke conditie was de helft van de afleidingen semantisch 
transparant (bv. onderduiken; uitblinken), en de andere helft niet-transparant (bv. uitroepen; 
aanleren). Op deze manier konden we de interactie onderzoeken tussen motorgerelateerd-
heid, experimentele context en semantische transparantie.
 In de twee experimenten waarin pure morfologische priming werd gebruikt, namen we 
significante morfologische primingeffecten waar. Deze effecten waren onafhankelijk van de 
volgorde in priming, en werden niet gemoduleerd door de semantische transparantie of de 
motorgerelateerdheid van de afleidingen. In het morfo-semantische experiment, daarentegen, 
vonden we alleen significante priming voor transparante motorwerkwoorden. Samengevat 
vonden we dus dat het type van morfologische priming, motorgerelateerdheid van de stam 
en semantische transparantie een rol spelen in de verwerking van Nederlandse transparante 
afgeleide werkwoorden.
 Voor deze effecten stelden we de volgende verklaring voor. Pure morfologische priming 
richt mogelijk de aandacht op de morfologische structuur van afleidingen. Dit kan dan weer 
leiden tot decompositie van alle afgeleide werkwoorden. Morfo-semantische priming, 
daarentegen, legt mogelijk de nadruk op de semantische relaties tussen primes en afgeleide 
werkwoorden. Hierdoor wordt het mogelijk voor semantische variabelen als semantische 
transparantie en motorgerelateerdheid om een rol te spelen in de verwerking van Nederlandse 
afgeleide werkwoorden. De invloed van motorgerelateerdheid is mogelijk te wijten aan een 
diepere conceptuele verwerking tijdens morfo-semantische priming. Motorwoorden worden 
immers geacht te leiden tot een grotere of meer gedetailleerde semantische activatie dan 
niet-motorwoorden, en/of tot een grotere activatie van somatosensorische en motorcortex. 
In een context die een diepere conceptuele verwerking stimuleert zijn transparante 
werkwoorden met een motorstam daarom misschien in het voordeel.
Conclusies
In deze thesis werden fMRI- en gedragsexperimenten uitgevoerd om de verwerking van 
afleidingen en motorwoorden te onderzoeken in L1- en L2-sprekers van het Nederlands. 
De short-lag primingexperimenten gaven aan dat het type van morfologische priming 
beïnvloedt hoe afleidingen worden verwerkt door L1-sprekers van het Nederlands. 
Verschillende primingcontexten richten de aandacht mogelijk op verschillende aspecten van 
afleidingen, namelijk morfologische structuur in pure morfologische priming, en semantische 
relaties in morfo-semantische priming. Dit kan verklaren waarom alle afleidingen 
morfologische primingeffecten vertoonden in het eerste type van priming, terwijl het 
optreden van morfologische priming bij morfo-semantische priming beïnvloed werd door 
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semantische factoren (nl. semantische transparantie en motorgerelateerdheid van de stam).
 De modulering van het effect van semantische transparantie door motorgerelateerdheid bij 
morfo-semantische priming geeft aan dat de graad van motorgerelateerdheid niet alleen de 
verwerking van morfologisch simpele woorden beïnvloedt, maar ook die van morfologisch 
complexe woorden. Onze resultaten wijzen er bovendien op dat morfologische priming geen 
neutraal middel is dat alleen maar weergeeft hoe afleidingen verwerkt worden. Het type van 
morfologische priming lijkt immers zelfs te beïnvloeden of afleidingen al dan niet holistisch 
verwerkt worden. De verwerking van afleidingen wordt dus niet alleen bepaald door woord-
specifieke kenmerken, zoals semantische transparantie en motorgerelateerdheid, maar ook 
door de experimentele context.
 Duitse L2-sprekers van het Nederlands lieten vergelijkbare verwerkingsstrategieën zien 
als L1-sprekers van het Nederlands, zowel wat betreft de verwerking van afleidingen als die 
van motorwoorden. Ten eerste vertoonden L2-sprekers, net als L1-sprekers, embodiment-
effecten voor morfologisch simpele werkwoorden. Dit was niet alleen het geval voor cognaten, 
maar ook voor niet-cognaten, wat erop wijst dat deze effecten niet louter te wijten zijn aan 
de invloed van de moedertaal van de L2-sprekers. Het lijkt er dus op dat semantische 
representaties in L2 niet minder gedetailleerd zijn dan in L1, zoals soms geclaimd wordt.
 Ten tweede geeft het gebrek aan embodimenteffecten voor niet-transparante afleidingen 
aan dat, in een context zonder priming, dit type van afleidingen mogelijk holistisch verwerkt 
wordt, zowel door Duitse L2-sprekers van het Nederlands als door L1-sprekers. 
 De repetition-suppressioneffecten die we voor transparante afleidingen vonden, wijzen 
er ten slotte op dat, in een long-lag primingcontext, dit type van afleidingen via decompositie 
verwerkt wordt door L2-sprekers. We hebben dus geen ondersteuning gevonden voor de 
hypothese dat L2-sprekers complexe worden meer holistisch verwerken dan L1-sprekers.
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